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FOREWORD 


Since the death of Professor Thorburn Brailsford Robertson his colleagues 
at the University of Adelaide and other of his scientific friends expressed a 
wish to find a suitable memento of one who had devoted his life to the pursuit 
of knowledge, and in recent years did so much to foster the spirit of scientific 
enquiry in his Alma Mater. 

The Committee formed for this purpose decided that this could be most 
suitably achieved by the publication of a volume of scientific papers to be 
contributed by his former colleagues and pupils, and prefaced by a short 
biographical account of his scientific work. It was also suggested by the Com- 
mittee that as Robertson was the virtual founder of the Australian Journal of 
Experimental Biology and Medical Science, and was its principal editor until 
the time of his death, it would be appropriate if this Memorial were issued as 
a special volume of the Journal. This suggestion having received the cordial 
approval of the Council of the University, the Editorial Board of the Journal, 
and the Medical Sciences Club of South Australia, a number of Robertson’s 
colleagues in Europe, America, and Australia were approached. 

This appeal met with a ready response in the form of scientific contribu- 
tions and subscriptions towards the cost of its production. Mr. Hedley R. 
Marston and Sir Charles Martin were appointed by the Editorial Board to edit 
the Memorial Volume and to make the necessary arrangements for its issue 
early in 1932. 
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Chorburn Brailsford Robertson 


Thorburn Brailsford Robertson was born in Edinburgh in 1884. At the 
age of eight years he accompanied his mother to Australia to join his father, 
who was at that time managing the old mines at Balhannah, in the Adelaide 
Hills. 

He was a thoughtful, studious child, curious of everything about him, with 
a distinct genius for abstract reasoning, which found a natural outlet in his 
early studies in mathematics. When he entered the Adelaide University as a 
student in 1902 it soon became evident that he was possessed of exceptional 
capabilities. While studying physiology under the guidance of Sir Edward 
Stirling, F.R.S., he was influenced by the lectures of W. Bragg, and for a short 
time contemplated a career in mathematical physics. 

During his wanderings as a child in the Eucalypt scrub surrounding his 
home he became interested in what appeared to be the purposefulness of the 
reactions of the little spiders, which when disturbed draw up their legs in 
tetanic contraction, and exhibit the “sham death reflex.” The apparent con- 
sciousness of this protective reflex fascinated young Robertson, and on entering 
the University his first serious research was directed towards finding an 
explanation of the phenomenon. 

It soon became clear that the reactions of Epiera producta were independent 
of the higher levels of the nervous system, and associated with the thoracic 
ganglia alone, for the sequence of events are co-ordinated equally well by the 
decapitated spider. He made his point in his first published work, that pur- 
poseful as it may appear as a means of protection, this reflex is a necessary 
consequence of the structure of the lower nervous ganglia, and, being a func- 
tion independent of any mental process, conscious volition does not enter into the 
reaction. In other words, when exhibiting this reflex the spider is a mechanism 
which will react as surely and as invariably as a man-made machine. 

What then were the physico-chemical reactions which determine such 
phenomena? Robertson’s natural curiosity led him to extend his enquiries 
and attempt to gain a better understanding of the physical forces which con- 
dition the irritability of protoplasm and of the chemical mechanisms which 
control animal movement. At the time when most students are content with 
the assimilation of existing knowledge, he devoted his energies to experimental 
research. 

During the course of these studies he advanced an hypothesis that the 
chemical properties and the reactions of protoplasm are profoundly influenced 
by the relative migration velocities of the ions in the fluids bathing the cells of 
living matter, and many of his painstaking experiments with unicellular organ- 
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isms fitted so well with his growing mechanistic outlook that it was inevitable 
that he should later be attracted to Jacques Loeb. Having graduated with 
honours, he left for America in 1906, and at once gained the intellectual 
sympathies of Loeb, who offered him a junior position in the Physiology 
Department, with quarters and facilities for research, in the University of 
California. 

In his early studies he had developed a theory explaining the movements 
of protoplasm as being brought about through changes in the surface energy 
caused by the diffusion and transport of ions across the limiting membranes 
of the cells. A necessary consequence of his observations was that the ioniza- 
tion of the amphoteric proteins within the cells must be influenced by the re- 
action and salt concentration of the solution in which they were bathed. This 
led him to an extensive mathematical study of the factors which influenced 
equilibrium in solutions of amphoteric electrolytes, and in the further develop- 
ment of the theory it became necessary to measure the ionization of the natural 
proteins. Robertson thus became launched upon his comprehensive physico- 
chemical researches on the proteins. These studies occupied his energies from 
1906 to 1912, when he summarized his work in a memoir in the Ergebnisse der 
Physiologie. 

Robertson’s interpretations of his experimental findings were distinguished 
by their originality of viewpoint and by their rare insight and almost prophetic 
vision. His tireless experimentation was directed in the main part towards the 
proof that complex proteins obeyed the simple stochiometric laws, and although 
the individual molecules were of colloidal dimensions they behaved in prac- 
_tieally all respects as if they were molecularly dispersed in solution. 

At Berkeley Robertson enjoyed the intellectual companionship and friend- 
ship of Jacques Loeb, and the pleasant and inspiring association of his col- 
leagues, among whom were W. J. V. Osterhout, H. Wasteneys, F. P. Gay, Wo. 
Ostwald, C. L. A. Sehmidt, and A. E. Taylor. Wolfgang Ostwald speaks with 
affection of “den unvergesslichen kalifornischen Nachten” in Loeb’s old labora- 
tory, when Robertson and he would sit, sometimes all night, with Ostwald’s 
two eats, “Sol” and “Gel,” between them, and argue and dispute the experi- 
mental findings of the day’s work. 

In the autumn of 1906, while working with the products resulting from 
hydrolysis of natural proteins by enzymes, Robertson discovered that by alter- 
ing the conditions of concentration of the reacting mixture resynthesis of 
protein-like materials might be brought about. and that the proteolytic enzymes 
were catalysts both of hydrolysis and of synthesis of proteins. 

He returned later to the more complete study of the synthetic function of 
pepsin, and, in collaboration with his colleague, Professor F. P. Gay, proved 
by immunity reactions the resynthesis of materials of the complexity of pro- 
tein from the simpler hydrolytic products of casein. 
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In 1910, when Loeb was invited to take charge of a department especially 
created for him at the Rockefeller Institute for Medical Research in New York, 
Robertson was called to fill the Chair of Physiology and Pharmacology in the 
University of California, which was vacated by his master, and during the next 
five years he continued his researches on the physico-chemical properties of the 
proteins, with short digressions into other fields of study. His first book, “Die 
Physikalische Chemie der Proteine,” was published in 1912, and after a Russian 
translation had appeared, he extended and revised the work for the English 
edition of 1916. 

Robertson’s well known studies on the chemical basis of growth and senes- 
cence of animals were inspired originally by the observation of Sachs on the 
nucleo-cytoplasmic ratio of actively dividing cells. During the course of cell 
multiplication nuclear division may occur at regular intervals, at each fission 
the mass of chromatin materials being approximately doubled. As the 
nuclear materials produced at any instant in a growing cell community are 
proportional to the amount already synthesized, it would seem that the re- 
action is catalyzed by some constituent of the cell. Robertson concluded that 
the growth of cell communities would obey similar mathematical laws to those 
which govern the course of monomolecular-autocatalytic chemical reactions. 

He demonstrated that the growth of animals and many plants obeys this 
law, and he formulated a theory which explained the reason of the slowing up 
and cessation of growth in the complex metazoa as being due to an accumula- 
tion of the autocatalyst in the nucleus. He recalled the fact that potentially 
immortal forms of life exist in the unicellular organisms, as also in the indi- 
vidual tissues which comprise the higher animals, and that cessation of growth 
is imposed upon the organism or individual tissue by the antecedent growth 
which has occurred, and that decline, senescence, and death are a consequence 
of the association of cells. 

The overwhelming force of suggestion conveyed by the inevitability of the 
occurrence of death in man himself has not been without its effect upon the 
mental bias of biologists, so until comparatively recently the phenomena of 
senescence were passed over as the inevitable outcome of life itself, as if they 
were implied in the very conception of living matter, and an attitude of mind 
had developed which may be summed up in the pessimistic words of the poet, 
“We are but fools of time and terror.” 

Robertson considered that if we are to be victims we should not necessarily 
be fools. External environmental changes have, one by one, been mastered by 
man; why then should not the terror of a change in internal environment be 
conquered, the humoral defeat of the potential immortality of our individual 
tissues be controlled, and the “allotted span” increased ? 

The most important years of Robertson’s life were devoted to the study of 
factors which controlled the growth and longevity of animals, and his early 
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death left the wide programme of his experimental studies uncompleted. His 
book, “The Chemical Basis of Growth and Senescence,” will ever be a source 
of inspiration to the student who will dare to contest the final triumph of 


nature over the human desire to live. 


Robertson was called to the Chair of Biochemistry in Toronto on the re- 
tirement of Professor A. B. Macallum, F.R.S., in 1918, and in 1919, following 
the death of his old teacher, Sir Edward Stirling, F.R.S.,, he returned to his 
Alma Mater to take the Chair of Physiology and Biochemistry in the Univer- 


sity of Adelaide. 


His stimulating, unselfish personality made itself felt at 


once in the Medical School, and the recasting of the three preclinical years of 
the medical course in the University owed much to the high ideals of Robertson; 
he was untiring in his attempts to reconcile the point of view of the clinician 
with that of the laboratory worker, and the foundation of the Medical Sciences 
Club as a common meeting ground, and its publication, “The Australian Journal 
of Experimental Biology and Medical Science,” are directly attributable to his 


activities. 


In 1927 he gained the distinction of Socio Straniero della classe di Scienze 
fisiche matematiche e naturali della R. Accademia Nazionale dei Lincei. 

For some years he continued his experimental work on senescence and a 
wide programme of teaching until 1927, when he was invited by the Executive 
of the Council for Scientific and Industrial Research of the Commonwealth 
Government to form and direct a Research Division of Animal Nutrition. 
He was thus relieved of the major part of his teaching duties, and was thus able 


to devote his whole time to research. 


He quickly drew around him a staff of young investigators, and with wise 
counsel and kindly guidance inspired them with his zeal for research. He was 
a great leader. His gentleness, loyalty, and tolerance endeared him to all, and 
his untiring patience and infinite trust inspired the love of his disciples. He 
launched the Division upon a sea of noble ideals which will always remain with 


his memory. 


Robertson’s life was devoted to pioneering of new paths of thought, but 
he found time to familiarize himself with the best productions of art, literature, 
and music, and since a boy he had been an ardent student of philosophy. As a 


teacher he was a strong inspirational force. 


His tenderness made him always 


quick to catch another’s hopes, forlorn though they be, and he was ever ready 
to offer comfort to those who suffered disappointments in the vicissitudes of 
life. But rare occasions, such as can arouse a passionate sense of justice, would 


kindle his gentle nature with a sudden fire. 


He never spared himself in his devotion to duty, and his works bear witness 


to the untiring creative genius of his intellect. 
with continual overwork, and he was unable to withstand an attack of pneu- 


His health was undermined 
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monia. He died on the morning of January 18, 1930, in the prime of his intel- 
lectual activities. 

With the passing of Robertson biological science lost one of its most able 
investigators, and Australian society one “who dared to follow the consequences 
of a mechanistic science to the rules of human conduct, and so helped to lay the 
foundations of that spirit of tolerance, justice, and gentleness which is the hope 
of civilization.” Of his influence one cannot express a deeper sentiment than 
that used by W. J. V. Osterhout when speaking of his master, Jacques Loeb: 
“*And the dead yet speaketh.’ His visions that had made others see visions, 
his ideals that quicken the heart of youth, cannot but continue to shed inspira- 
tion in ever-widening circles, and in shaping the soul of the future he may serve 
humanity more than he ever dared dream.” 

HEDLEY R. MARSTON. 
The Nutrition Laboratory, 
University, Adelaide. 
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BEZIEHUNGEN VON KOLLOIDEN UND KONSTITU- 
TIVEN ANDERUNGEN EINIGER PROTEINE 


Von 
WOLFGANG PAULI 


(Aus dem Institut fiir Medizinische Kolloidchemie der Universitat Vienna). 
(Submitted for publication 24th March, 1931.) 


Die Forschung strebt mit der Zeit immer mehr, die elektrochemischen 
und kolloiden Eigenschaften der Proteine aus ihrer Konstitution zu verstehen 
und diese Bemiihungen finden ihre feste Grundlage in dem Umstande, dass 
auch vom elektrochemischen Verhalten einer einfachen Aminosdure eine stetige 
Linie zu dem mannigfaltigeren eines Eiweisskérpers hiniiberleitet. Wir diirfen 
T. B. Robertson als einen prominenten, klaren und zielbewussten Vertreter 
dieser Betrachtungsweise schatzen und so mége an dieser Stelle anlasslich einer 
ernsten und stillen Huldigung fiir den allzufriihe dahingegangenen Forscher 
iiber die folgenden, vorliiufig noch tastenden Versuche berichtet werden, 
betreffend elektrochemisch-konstitutive Beziehungen bei verschiedenen Koagu- 
lationsarten der Proteine. 

Man kann sich nun mit Vorteil der von C. Neuberg (1) entdeckten “hydro- 
tropen,” die Wasserléslichkeit sonst ungeniigend léslicher Stoffe steigernden, 
Wirkung bedienen, um auch Koagulate der Proteine wieder léslich zu machen 
und auf ihre Reversibilitaét zu priifen. 

So hat R. Willheim (2) das Hitzekoagulat des Seralbumins mittels Salicylat 
nicht nur wie friiher bekannt klar zerteilen, sondern auch nach Wegdialyse 
des hydrotropen Salzes das urspriingliche Seralbumin, anscheinend nativ 
wieder gewinnen kénnen. Neben Neuberg’s Hydrotropen, wie Salicylat, Ben- 
zoat, Campholat und ahnlichen Salzen organischen Sauren, bilden Amide, wie 
vor allem Harnstoff, Formamid, Azetamid u.s.w. eine zweite Gruppe von 
hydrotropen Kérpern, welche Proteinkoagulationen verhindern oder bereits 
eingetretene unter Umstanden wieder klar zu lésen vermégen. Wir haben von 
dieser dispergierenden Wirkung Gebrauch gemacht, um die Proteine nach den 
verschiedensten Zustandsinderungen wieder auf ihre optische Aktivitaét zu 
priifen und so Anhaltspunkte fiir eine erfolgte konstitutive Umwandlung zu 
erhalten. Hier soll nur kurz iiber soleche Versuche an den durch Elektrodialyse 
hochgereinigten Proteinen, Ovalbumin, Seralbumin und Pseudoglobulin 
berichtet (3) werden. 
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Es hat sich gezeigt, dass bei Verwendung der hydrotropen Substanzen 
sowohl hinsichtlich der Zerteilbarkeit und Reversibilitéat als auch nach den 
beobachteten spezifischen Drehungen konstitutive Einfliisse in dreifacher Hin- 
sicht hervortreten, abhiingig 1. von dem betreffenden Protein, 2. von der hydro- 
tropen Substanz, 3. von der Art des koagulierenden Eingriffes. 

Dass die Einwirkung der hochkonzentrierten hydrotropen Substanzen mit 
einer Desaggregation verbunden ist, das lehrt ja unmittelbar die klare Zer- 
teilung von Flockungen aller Art, die ein vollstandiges Auseinanderdrangen 
derselben voraussetzt. Ueberfiihrungsversuche zeigten, dass dieser Vorgang 
nicht mit einer Aufladung verbunden ist, sondern dass in den hochgesattigten 
einer einwertigen Salzlésungen (in Uebereinstimmung mit analogen friiheren 
(4) Beobachtungen) die Proteinteilchen sich als frei von einsinniger Aufladung 
erweisen. 

Es ist nun von grossem Interesse, dass schon die nativen reinen Proteine 
bei gewohnlicher Temperatur mit den Hydrotropen versetzt eine gewisse Grup- 
pierung je nach der Aenderung ihres [a] zeigen, die sich im Sinne einer Des- 
aggregation wohl verstehen liesse. Betrachtet man etwa die optischen Drehungen 
bei Einwirkung von 1/2 und ganz gesittigtem Salicylat (siehe Tabelle la), so 
findet sich am Ovalbumin keine Aenderung gegeniiber dem [a] des unversetzten 
Proteins, beim Seralbumin und Pseudoglobulin dagegen eine betrichtliche 
Erhohung. 


TABELLE 1a [a] ?.. 


Na-Salicylat, 


Eiweisszustand Sattigung* Ovalbumin Seralbumin Pseudoglobulin 
a ha ol ks as 0 37° 54° 50° 
Ss ae $(1) 37 (38) 63 (72) 64(—) 
MN teak Sais, aie vom 3 38 63 63 
ae 3(1) 37(—) 63(74) 64 
Alkoholflockung .. .. 1 27 54 52 
CClg,COOH-Flockung . 1 41 68 64 
Ca-Sulfatflockung 1 34 52 49 
Al-Sulfatflockung 1 36 58 48 


*Die Zeichen 4 und 1 bedeuten 4 bezw. ganze Sittigung. 


tH.II—Hitzekoagulation, wobei die geflockte Lésung in gleichen Teilen mit gesiit- 
tigter hydrotroper Substanz versetzt wurde. 


tH.11J=Hitzekoagulation durch vorherigen Zusatz der hydrotropen Substanz verhindert. 


Nach der von The Svedberg (5) auf Grund ultrazentrifugaler Untersuch- 
hungen aufgestellten Gruppierung der Proteine wiirde Ovalbumin mit dem 
Molekulargewicht 34.500 der ersten, Seralbumin und Hiamoglobin mit 2 . 34.500 
der zweiten, Globulin und in bestimmter Weise gereinigtes Casein der dritten 
Gruppe mit 3 - 34-500 angehoren. Es ist nun fiir diese Einteilung Svedbergs 
auf einem ganz unabhangigen Wege durch N. F. Burk und D. M. Greenberg 
(6) ein starkes Argument beigebracht worden. Diese Autoren zeigten, dass, 
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mit Harnstoff versetzt, das Ovalbumin den gleichen osmotischen Druck, also das 
gleiche Molekulargewicht wie vorher, dagegen Hiamoglobin und Casein nun- 
mehr den doppelten bezw. dreifachen osmotischen Druck aufweisen, was einem 
Zerfall der letzteren in zwei bezw. drei Teile entspricht. Wenn auch das Pseudo- 
globulin nach 8S. P. L. Sérensen (7) und The Svedberg (l.¢.) als ein nicht ein- 
heitlicher Abkémmling des Globulins anzusehen ist, so kommt demselben jeden- 
falls, verglichen mit dem Ovalbumin, eine zusammengesetzte Struktur zu. Man 
muss nach diesen Erfahrungen auch mit einer Desaggregation negativer Proteine 
durch Hydrotrope rechnen, wie sie fiir die ebenfalls zuasammengesetzte Gelatine 
langst z.B. fiir die Einwirkung von Rhodaniden angenommen wird. Wiirde 
diese Desaggregation mit konstitutiven Aenderungen, und als soleche darf man 
wohl selbst die Lésung von Nebenvalenzbindungen im Sinne von K. H. Meyer 
und H. Mark (8) auffassen, zusammenhiangen, dann kénnte sie allein schon die 
Grundlage der Drehungssteigerung bilden, welche wir beim Zusatz von Salicylat 
nur bei den im Sinne von Svedberg und Sérensen hoéher zusammengesetzten 
Proteinen Seralbumin und Pseudoglobulin gefunden haben. Samtliche anderen 
untersuchten Salze liessen } gesiittigt keinen Einfluss auf die optische Aktivitit 
der Proteine im nativen Zustand erkennen. 

Dass aber die konstitutive Aenderung von nativen Proteinen durch 
bestimmte hydrotrope Substanzen unter Umstianden tiefer greifen muss als eine 
Desaggregation, das zeigt der besonders starke Effekt, den Harnstoff und Form- 
amid auf die optische Aktivitaét unserer Proteine ausiiben (siehe Tabelle 1b). 
Beim Seralbumin iibertrifft die Drehungssteigerung durch Harnstoff und Form- 
amid die durch Salicylat bewirkte gewaltig und auch beim Ovalbumin ruft 
Sattigung mit Harnstoff fast eine Verdreifachung von [a] hervor. Die letztere 
Erscheinung wurde bereits von F. G. Hopkins (9)! in seinen jiingst verdéffent- 
lichten Studien iiber Denaturierung von Proteinen hervorgehoben. Dass hier 
zugleich eine irreversible, konstitutive Aenderung des Ovalbumins eintritt, ergibt 
sich aus dem Unldslichwerden desselben unter dem Einfluss von hohen Harnstoff- 
konzentrationen (M. L. Ansom und Mirsky (11)?) und dem Auftreten der Hop- 
kinsschen Nitroprussidnatrium-Reaktion. Allein auch das Salicylat, bei dem kein 
Einfluss auf das [a] des Ovalbumins erkennbar war, ruft jedoch bei diesem, wie 
unsere Versuche zeigen, } gesiittigt mit der Zeit eine Triibung und irreversible 
Denaturierung hervor, wahrend es 3/4 bezw. ganz gesattigt klare, unverandert 
haltbare Zerteilungen gibt. Das Auftreten von Triibungen und Denaturie- 
rungen durch Formamid ist schon im Jahre 1900 von K. Spiro (12) in seinen 
Untersuchungen am nativen Eiklar und Blutserum beschrieben worden. In 
diesen Versuchen wurde bereits die Hemmung der Hitzegerinnung durch ver- 
schiedene Amide, insbesondere Harnstoff, sowie durch Urethan u.a. naher fest- 
gestellt. 
‘1 Vgi. dazu Dill u. Alsberg (10), am Gliadin. sein — 


2 Diese Autoren haben auch bei dieser Gelegenheit die Denaturierung des Himoglobins 
dureh Iodid, Rhodanid und Salicylat beschrieben. 
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TABELLE 1B [a] P 


20° 
Harnstoff, 

Eiweisszustand Sattigung* Ovalbumin Seralbumin Pseudoglobulin 
ee ae 0 37° 54° 50° 
Po. ae ow Sees 4(1) 37(89) 80(114) 50 
eae eg a ungelost 81 105 
| SS 3(1) 75(105) 83(114) 115(—) 
Alkoholflockung .. .. 1 38 82 85 
CClz,COOH-Flockung . 1 — — an 
Cu-Sulfatflockung.. 1 36 54 83 
Al-Sulfatflockung.. 1 ungelodst 75 _ 


"Die Zeichen 4 und 1 bedeuten } bezw. ganze Siittigung. 


Die konstitutiven Verschiedenheiten bei den verschiedenen Koagulation- 
sarten der Proteine treten an den Eigenschaften ihrer klaren Zerteilungen deut- 
lich zutage. Betrachtet man zunidchst wieder die Ergebnisse bei Anwendung 
von Salicylat (Tabelle la) zur Dispergierung, so ist eine bei jedem Protein 
wiederkehrende Gruppierung der verschiedenen Koagulationen unverkennbar. 
Die zerteilten Hitzekoagulate geben die gleiche spezifische Drehung wie das mit 
dem Salicylat versetzte native Protein. Dieses Verhalten ist davon unabhangig, 
ob die Flockung wie beim Seralbumin reversibel oder wie beim Ovalbumin und 
Pseudoglobulin irreversibel ist. Dagegen findet sich bei der Alkoholfallung und 
dem Typus der Schwermetallsalz-Flockung ein [a], das trotz der Anwendug 
von gesattigtem Salicylat nur nahe dem des unversetzten nativen Proteins oder 
wie beim Ovalbumin sogar merklich unter dem [a] desselben gelegen ist. Am 
deutlichsten ist dies bei der Alkoholflockung des Eialbumins zu erkennen, wo 
die Abnahme fast 30% betragt. Die typisch irreversible Séureflockung durch 
CCl,COOH zeigt hingegen beim Ovalbumin eine betrachtliche Erhéhung des 
[a] gegeniiber dem des nativen (oder versetzten) Proteins, wahrend das gleiche 
Koagulat von Seralbumin und Pseudoglobulin jedenfalls mit seinem [a] noch 
oberhalb des nativen gelegen ist. 

In der gleichen Richtung scheinen sich, soweit die Versuche vorliegen, die 
Unterschiede der Koagulate bei Anwendung von Harnstoff als Dispergator 
(Tabelle 1b) zu bewegen. Die machtige Erhéhung der spezifischen Drehung des 
nativen Proteins durch Harnstoff kehrt—fiir das Ovalbumin und Pseudo- 
globulin sogar noch bedeutend gesteigert—bei der Hitzeeinwirkung wieder. Sie 
fehlt jedoch bei der Alkohol- und Cu-Sulfatflockung des Ovalbumins vollkom- 
men und bleibt beim Seralbumin und Pseudoglobulin tief unterhalb der bei 
den-in Harnstoff gelésten-Hitzekoagulaten gefundenen. 

Fiir die spezifische Verschiedenheit in der Wirksamkeit der einzelnen hydro- 
tropischen Substanzen sollen neben den schon betonten grossen Differenzen 
zwischen Salicylat einerseits und Harnstoff (und Formamid) andererseits noch 
einige bemerkenswerte Beispiele unter den Salzen erwaihnt werden. So zeigt 
sich das Pyrophosphat, das aus den Untersuchungen von A. Chwala (13) als 








KONSTITUTIVEN ANDERUNGEN EINIGER PROTEINE. 27 


Dispergator von groéberen Suspensionen bekannt wurde, bei der Verhinderung 
der Hitzeflockung von Ovalbumin sehr wirksam, und zwar unter Steigerung 
des [a] von 37° auf 50°, dagegen sind Benzoat und Rhodanid nicht wirksam, 
wahrend diese beim Seralbumin (wie das Pyrophosphat), aber ohne Drehungs- 
verminderung, die Hitzeflockung voéllig verhindern. Benzoat und Pyrophosphat 
lésen die Cu-Sulfatflockung des Seralbumins nicht, wohl aber die des Ovalbu- 
mins. Hingegen wird die Al-Sulfatflockung der beiden Proteine von diesen 
hydrotropischen Salzen gelést. Harnstoff lést die Cu-Sulfatflockung von Ov- 
und Seralbumin, dagegen die Al-Sulfatflockung nur des Seralbumins. Diese 
Beispiele, die sich noch vermehren liessen, mégen geniigen. 

Man war gewohnt, eiweissfallende und nichtfallende Neutralsalze zu unter- 
scheiden. Zu den letzteren ziihlten Salze wie die Rhodanide, Benzoate, Salicy- 
late, die sich als Fallungen hindernd oder lésend erwiesen hatten. Wie unsere 
Beobachtungen dartun, sind jedoch diese Salze fiir das Ovalbumin schon bei 
massig langer Einwirkung (ein bis zwei Tage) Flockungs- und, da die Fallungen 
irreversibel sind, Denaturierungsmittel. Das gilt nicht fiir Seralbumin und 
Pseudoglobulin. Dagegen zeigt sich auch bei diesen Proteinen, dass manche 
ihrer klar gelésten Flockungen in gewissen hydrotropen Substanzen mit der 
Zeit wieder geflockt werden, wihrend andere unbegrenzt klar bleiben. Nicht 
nur aus den Beeinflussungen der optischen Aktivitaét sondern auch aus diesen 
so tief gehenden Zustandsiinderungen geht hervor, dass seitens der hydro- 
tropischen Stoffe konstitutive Einfliisse auf das Protein erfolgen. Die ange- 
fiihrten Erfahrungen lassen sich kaum anders verstehen, als dass zwischen den 
Hydrotropen und den Proteinen Anlagerungsverbindungen gebildet werden, 
deren Konstitution und Eigenschaften mit dem einzelnen Protein, dem verwen- 
deten hydrotropen Stoff und mit den Zustandsiinderungen, die das Protein 
erfahren hat, variieren. Anhaltspunkte fiir solche bis zur Assoziation gehende 
Wechselwirkungen ergeben sich schon fiir die typischen Neutralsalze aus gewis- 
sen Einfliissen derselben auf die Zustandsinderungen der Proteine durch Hitze 
und Alkohol, auf ihre Viskositat, ferner aus potentiometrischen Messungen, 
sowie aus wechselseitigen Léslichkeitswirkungen. Solche Salz-Eiweissverbindun- 
gen sind fiir die Proteine schon lange (14) vor der wichtigen Darstellung der 
Additionsverbindungen von Aminosaéuren und Neutralsalzen durch P. Pfeiffer 
(15) postuliert worden. Fiir das Bestehen von Anlagerungsverbindungen bei 
Hydrotropen sind in allerjiingster’ Zeit J. R. Katz (16) (mit Derksen) zur 
Erklarung der Quellungswirkung von Rhodaniden auf Cellulosen und C. 
Neuberg (17) (mit F. Weinmann) auf Grund von Studien iiber die Aenderung 
der optischen Aktivitat bei der Einwirkung optisch aktiver hydrotroper Salze 
auf andere optisch aktive Systeme eingetreten. Die letzteren Autoren fanden 
dabei jenen unverhiltnismassigen Anstieg der Aenderung der optischen 
Aktivitét mit der Konzentration der Hydrotropen wieder, der auch in unseren 
Beobachtungen sich oft sehr stark offenbart. Die Annahme von Anlagerungs- 
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verbindungen scheint uns gleichfalls allein unseren Beobachtungen gerecht zu 
werden, wobei wir ausdriicklich hervorheben méchten, dass es sich nicht um eine 
gesteigerte ionische Aufladung bei der Zerteilung des Proteins, sondern nur um 
eine geiinderte Hydratation einer Doppelverbindung handeln kann. Eine Bil- 
dung von solchen Doppelverbindungen mit Proteinen, wenn auch verschiedener 
Type, wurde bereits vor einiger Zeit auf Grund eingehender Untersuchungen 
am Institut angenommen und niéher studiert. Sie betrifft die zuerst von H. 
Handovsky (18) ebenda beobachtete, stark viskosititserhéhende Wirkung des 
Coffeins auf Saureproteine. Pauli (19) hat hier wahrscheinlich gemacht, dass 
es sich um die Bildung von starker hydratisierten Doppelsalzen von Siure- 
protein mit Coffein und Theobromin handelt, bei der es, wie potentiometrische 
Messungen lehrten, weder zu einer weiter gesteigerten Aufladung, noch zu einer 
Tonisationsinderung des Eiweisses kommt. Diese Art von Anlagerungsverbin- 
dungen betrifft jedoch ein polyvalentes positives Proteinion und nicht, wie bei 
unseren Hydrotropen, das zwitierionische, von einer einsinnigen Ueberschuss- 
ladung freie Protein. Bei den Purinbasen handelt es sich ferner um die hydro- 
tropische Wirksamkeit einer positiven Gruppe, dagegen in den hier mitgeteilten 
Fallen, wenigstens bei den Salzen, um deren anionischen Bestandteil, der mit 
dem Eiweiss in eine schliesslich tiefgreifende, chemische Wechselwirkung tritt. 
Diese kann bei gewissen Amiden einen besonderen Grad erreichen und es ist 
noch ungewiss, ob sie mit derjenigen bei hydrotropen Salzen wesensgleich ist. 
Ob eine etwa mittels der optischen Aktivitét erkennbare, konstitutive 
Aenderung auch irreversibel, also eine Denaturierung ist, erscheint fiir diese 
prinzipielle Auffassung nicht entscheidend, und wir sehen in der Tat, dass das 
so besonders leicht denaturierbare Ovalbumin in vielen Fiillen sehr geringe 
Aenderungen der optischen Aktivitét unter solchen Einfliissen zeigen kann. 
Wohl aber liasst sich am Seralbumin feststellen, dass bei dessen durch weit- 
gehende Reversibilitaét ausgezeichneten Zustandsinderungen die optischen 
Aktivitaten niemals aus dem Bereich der am nativen beobachteten fallen. 
Unsere Anschauung, dass die Denaturierung eines Proteins mit sekunddren, 
von Fall zu Fall wechselnden konstitutiven Aenderungen zusammenhangen 
diirfte, findet eine Stiitze in Beobachtungen iiber die Hopkinssche Reaktion bei 
verschiedenen vollstandigen Denaturierungen. Diese fand sich im Falle der 
Flockung bezw. Denaturierung des nativen Ovalbumins. 
positiv bei Harnstoff, Kaliumrhodanid, negativ bei Benzoat und Salicylat, 
ferner 
positiv bei Hitzeflockung des Ovalbumins, sowie bei der Hitzebehandlung 
desselben in Anwesenheit von Rhodanid und Magnesiumcehlorid, 
negativ bei Verwendung von Salicylat, Benzoat und Harnstoff; 
weiter 
positiv bei der Alkohol- und Schwefelsdureflockung des Ovalbumins, 
megativ bei Lésen derselben in Salicylat und Harnstoff und folgen- 
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dem Eintrocknen im Vakuum. Schliesslich negativ bei Schwermetall- 
salzflockungen. 

Die so iiberaus interessante, von F. G. Hopkins auf das Auftreten einer 
reaktionsfahigen Sulfhydrylgruppe infolge Denaturierung des Proteins bezo- 
gene Nitroprussidnatrium-Reaktion wurde von ihm als einfache Methode ange- 
sprochen zur Priifung, ob einer bestimmten Substanz eine denaturierende Wirk- 
ung auf ein Protein zukomme. Er fand seine Reaktion in der Tat am Ovalbumin 
beim Studium der von Ansom und Mirsky (l.c.) gefundenen Denaturierung von 
Proteinen durch konzentrierte Lésungen von Harnstoff. Dass die Hopkinssche 
Reaktion jedoch kein allgemeines Kriterium fiir eine Eiweissdenaturierung in 
dem iiblichen auch von Hopkins angenommenen Sinne bilden diirfte, scheint uns 
aus dem beschriebenen wechselnden Auftreten beim Ovalbumin je nach der Art 
des denaturierenden Eingriffs hervorzugehen. Negativer Ausfall der Reaktion 
ist demnach kein Beweis gegen eine Denaturierung. 

Wir méchten hier im Interesse der Uebersichtlichkeit auf die Heranziehung 
weiterer Einzelheiten aus unseren Befunden verzichten, zumal dieselben in vieler 
Hinsicht erginzungsbediirftig sind. Jedenfalls scheinen die bisherigen Erfah- 
rungen nicht im Widerspruch mit der Ansicht zu stehen, dass jene konstitu- 
tiven Aenderungen, welche im allgemeinen als Abnahme des hydrophilen und 
Auftreten eines hydrophoben Charakters eines Proteins zum Ausdruck kommen, 
zunachst zu trennen sind von etwa anschliessenden, tiefergreifenden konstitu- 
tiven Wandlungen, die den Vorgang irreversibel machen und eine endgiiltige 
Denaturierung herbeifiihren. Betrachten wir etwa die Reihe (1) Glykokoll, 
(II) Glutin, (III) Seralbumin, und (IV) Ovalbumin, so zeigt sich, dass Alkohol- 
zusatz in (1) die umgekehrbare Umwandlung der zwitterionischen in die undis- 
soziierte Form +A~—A° begiinstigt; in (II) tritt auf Alkoholzugabe eine ein- 
fach reversible, in (III) eine weniger vollkommen reversible, in (IV) eine vollig 
irreversible Zustandsinderung auf. Die fortschreitende Komplikation der 
konstitutiven Wandlungen in dieser Folge ist unverkennbar, und es ist der 
wesentliche Inhalt einiger vor nicht langer Zeit naher ausgefiihrten elektro- 
chemisch-konstitutiven Betrachtungen (20), dass in einer Reihe, wie der obigen, 
der erste Schritt aller konstitutiven Veranderungen der gleiche sein und dass 
er in sdureamidartigen Schliessungen geeigneter zwitterionischer Gruppen 
bestehen kénnte. Den letzteren darf man jedenfalls einen wesentlichen Anteil 
an der Hydraiation der Oberfliche eines nativen Proteinteilchens zuschreiben. 
Selbstredend soll damit eine fiir eine bestimmte Zustandsinderung mégliche 
konstitutive Verschiebung nicht ohne weiteres als fiir eine andersartige zutref- 
fend angenommen werden. Es ist vielmehr in jedem einzelnen Falle der 
Mechanismus der Aenderung festzustellen. 

Nehmen wir etwa eine der Schwermetallsalzflockungen, so findet bei diesen 
eine Beseitigung der Ammoniumform des zwitterionischen Proteins durch den 
vorausgehenden Alkalizusatz im Sinne von RNH,;+—RNHg statt, wahrend die 
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Ladung und der Hydratationseffekt der Karboxylgruppen durch die Inaktivie- 
rung des Schwermetallions vernichtet wird. Damit soll nicht zum Ausdruck 
gebracht werden, dass die Karboxylgruppen des Proteins allein die Reaktion mit 
Schwermetallionen vermitteln miissen. Farbainderungen, wie die Biuretreaktion, 
sowie die nach unseren Versuchen tiefer gehende Veranderung an den Cu- und 
Ag-Flockungen legen vielmehr noch andere Reaktionsmoglichkeiten nahe. Ins- 
besondere gleichzeitige Anlagerungen an dipolisch funktionierende Gruppen des 
Proteins, wie etwa NH», NH waren hier denkbar, fiir welche sich leicht gerade 
bei diesen Schwermetallionen sonstige Erfahrungen aus der Komplexchemie 
beistellen liessen. 

Bei der Séiureflockung wird wieder die Karboxylgruppe durch Zuriickdran- 
gung der Jonisation ihres ionischen Charakters beraubt und die Inaktivierung 
erfolgt an den verbleibenden Ammoniumgruppen, wenn geeignete negative Ionen : 
S04”, FeCy,””, CClzgCOO’, SCN’ u.a. zugegen sind. Sekundire konstitutive, 
oft irreversible Aenderungen schliessen sich an und sie sind vielleicht denen, die 
sich bei mit hydrotropen Salzen versetzten nativen Proteinen einstellen kénnen, 
naher verwandt, als es den Anschein hat. 

So verschieden sich nach dem Angefiihrten der Mechanismus bei den Schwer- 
metall- und Saurefillungen von dem der Alkoholflockung erweist, so bleibt 
bemerkenswerter Weise allen diesen Einwirkungen eine einleitende Aufhebung 
der zwitterionischen Struktur des Proteins gemeinsam. 
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INTRODUCTION. 


For more than three hundred years it has been known that the velocity of 
light depends upon the nature of the medium through which it passes. So 
many and so illustrious are the names of those who have devoted their best 
efforts to the study of this optical phenomenon that it would seem presumptuous 
for one to make use of their findings without an attempt to appreciate the 
intricacy of the subject and to realize the pitfalls that lie in wait for the unwary. 
Despite this, we find far too great a tendency on the part of investigators to 
assume that the findings of those who have carefully studied physical optics 
may be bodily taken over to some new field of research without any attempt 
to evaluate their applicability. In few cases has this tendency been more 
marked than in the application of refractive index measurements, especially by 
biologists. Not that biologists should be especially criticized, for the fault is 
as much that of the over-enthusiastic disciples of physics and chemistry as it is of 
the often too meagre training in physies of the biological worker. 

It is from the viewpoint of the surveyor rather than the critic that this 
paper is written. Perhaps if those in the physical sciences were better 
acquainted with the bewildering complexity of biological material they would 
more often offer a word of caution; and if the biologist realized the intricacy 
of the physical theory and the nature of the unproven hypotheses requisite to 
any theory of refraction he would be more cautious in his use of this valuable 
tool. Our hope has been that we might be able to ascertain some of the diffi- 
culties involved and how to overcome them, and that from a study of simple 
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systems we might be able to predict at least the various factors involved in the 
study of the more complex systems. We shall be interested only in aqueous 
solutions, as these are the only substances of interest to the biologist which can 
be studied with the aid of refractive index determinations. 

One finds many formulae connecting the refractive index of a substance 
with the density. Newton’s theory of emission required that the refractive 
power, n*—1, where n is the refractive index, be proportional to the density. 


Laplace (1) showed that the expression a which he called the refrangent 


power, is a constant. Biot and Arago (2) studied the refrangent power of 
mixtures of gases, and elucidated the law of mixtures which enabled them to 
calculate the refractive index of a mixture from that of its constituents. Many 
experimenters, among whom may be mentioned Delffs (3), Sequin (4), Hoék 
and Oudemans (5), Beer and Kremers (6), Gladstone and Dale (7), Pichot (8), 
Forthamme (9), Schrauf (10), Fouqué (11), and Wiillner (12), sought to verify 
this law and to extend it to mixtures of liquids and to aqueous solutions. Their 
results showed only that the law was an approximation. Schrauf proposed the 


, 2— : , : : , 
expression a for the specific refractive power, in which A is the constant 
term in the dispersion law of Cauchy. Dale and Gladstone characterized the 


specific refractive energy by the expression = = constant, which they found 
to hold better for solutions than the expression = = K proposed by Laplace. 


Walter (13) found the expression = to be a constant independent of the 


concentration for dissolved salts, where n and no are the refractive indices of 


solution and water respectively and p is the percentage of dissolved salt. Lorenz 
. . ‘ 2—1 
(14) and Lorentz (15) independently arrived at the expression tat +2)d 


for the constant of refraction, in which n is the refractive index of the substance 


and d its density. Cheneveau (16) found that ee =K represents the experi- 


mental data quite closely. Here n and no are the indices for solution and water 
respectively, C is the concentration of dissolved substance in grammes per litre, 
and K is Cheneveau’s optical constant. C may be replaced by the analogous 
concentration in grammes per 1,000 grammes of solution giving a different value 
to the constant. The equations so far given connecting the refractive index 
with the concentration and density are those most often used. For a mention 
of other empirical formulae used by the earlier workers see Cheneveau ( loc. cit., 
pp. 145, 195). Among those who have more recently proposed formulae con- 
necting the refractive index with the other physical constants may be mentioned 
Geffcken (17), Hohner (18), de Lattre (19), Counson (20), Raman and Krishnan 
(21), de Mallemann (22), and Herz (23). 

In the light of our present knowledge of physics we may assume the rela- 
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tion of Lorenz—Lorentz to be correct. This assumption has been made by many 
of the present investigators, of whom Fajans (24), Wasastjerna (25), and 
Hantzsch (26) have perhaps contributed the most to the progress in this field. 
Fajans in his first paper (24a) gives a quite complete discussion of the several 
factors influencing the refraction of substances in solution. His conclusions 
may be summed up briefly. The refraction of light is due to the interaction of 
the electrons of the molecules and ions in solution and the transmitted light. 
Any factor which alters the constraint of any electron will alter its contribution 
to the refraction. Thus temperature, hydration, ionization, ionic interaction, 
association, complex formation, and compound formation are all important 
factors. Fajans sums up these influences under the term deformation. He 
attributes any departure from the Lorenz—Lorentz relation to a deformation 
of the electron atmosphere due either to the solvent (hydration) or to the anions 
and cations. 

While it seems certain that Fajans’ conclusions are correct, a quantitative 
description of even a very simple system is very difficult, a fact which Fajans 
(24m) himself recognizes. If we examine the Lorenz—Lorentz relation for the 
molecular refraction we find that two factors control the accuracy to which the 
molecular refraction may be determined. Under the assumption that the re- 
fraction of a solution is the sum of the refraction due to the solvent and to the 
solute we have: 

un. ™ eer 100 = nw2—1 (100—p)) 

oo Plms2+2 ds nw?+2 dw | 
where M.R. is the molecular refraction, p the per cent. of solute, ng and dg the 
refractive index and density of the solution, and nw and dw the refractive index 
and density of the water. In a 0-1 molar solution an error of 0-00001 in the 
refractive index makes a difference of 0-3 per cent. in the molecular refraction, 
while an error of 0-0001 in the density produces an error of 1-5 per cent. in 
the molecular refraction. In more dilute solutions the molecular refraction is 
much more sensitive to small differences in the density, so that a 0-01 molal 
concentration becomes the practical limit. This concentration is still far from 
a perfect solution, and so all of the values for the molecular refraction are 
relative, and the exact importance of the several factors cannot be ascertained. 

If this be true for a simple system such as sodium chloride in water, of 
what significance are changes in the refractive index of biological fluids? That 
the changes in refractive index do have a definite significance cannot be doubted. 
The essential thing is to ascertain the relative importance of the several factors 
by a study of relatively simple systems in which the factors are varied one at 
atime. Since each constituent of a solution contributes to the refractive index 
of the whole, it is obvious that unless the constituents and their interactions 
are known any interpretation of the gross change in refractive index is hopeless. 
This is the point overlooked by some in applying refractive index measure- 
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ments to biological fluids. The change in refractive index is the measure of 
only the total changes of the system. It tells nothing as to what the changes 
may have been. It is quantitative but not qualitative. 

A marked simplification of the study of biological fluids is obtained when the 
study is confined to solutions of single pure proteins in solutions of a single inor- 
ganic substance such as a mineral acid. In such a solution we have only a few sub- 
stances, and the qualitative picture of the probable reactions becomes suffi- 
ciently definite, so that the quantitative change in a physical property such as 
refractive index assumes a real significance. Considerable work has been done 
on this problem by Reiss (27), Herlitzka (28), Robertson (29), and continued by 
Schmidt (30). The work of these authors consisted chiefly in a study of the 
change in refraction of protein solutions with the concentration of the protein 
and with added inorganic salts, acids, and bases. They were able to assign a 
particular portion of the refractive index of the solution to the protein present, 
and could show that within the experimental error this portion was constant 
for each protein. Recently Kondo (31) has attacked the same problem and 
arrived at slightly different conclusions. By increasing the accuracy of the 
refractive index determinations Kondo was able to show that there is a differ- 
ence between the refractive index of a protein and a protein salt, and that the 
portion of the refractive index due to the protein is not independent of the 
environment. 

In view of the known complexity of proteins and their peculiar behaviour, 
indicating that hydration and association are important factors in determining 
the properties of a protein solution, it seemed that only through a study of 
simpler substances could any advance be made. The amino acids are the 
obvious substances for such a study, as their reactive groups are responsible 
for many of the chemical properties of the protein molecule. The best point 
of attack is the study of the effect of the addition of acid or of base to a solution 
of an amino acid upon the refractive index of the solution, because the properties 
of amino acids as a function of the pH have been extensively studied (32, 33). 

Of the numerous formulae connecting the refractive index with other 
physical properties and with the concentration, we should prefer the one with 
the best theoretical foundation, namely, that of Lorenz and Lorentz. Unfortu- 
nately, as we have intimated, it is not applicable to dilute solutions because of 
the difficulty of determining the density with sufficient accuracy, and since the 
low solubility of the amino acids compels the use of dilute solutions some less 
desirable relation must be used. Reiss (27) was probably the first to apply the 
relation 

n—n,—aXc 
to biological solutions, although it had been found to hold for salt solutions by 
earlier investigators (13). In the above equation n and n, are the refractive 
indices of solution and solvent respectively, ¢ is the concentration, and a is a 
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constant. This is the same relation as used by Cheneveau for solutions of 
inorganic substances. It should be clearly understood that this relation 
assumes the law of Dale and Gladstone (7b) to be valid, and that it is only true 
as a limiting case when there is no interaction between the constituents of the 
solution. This relation does eliminate the difficulty of making accurate density 
determinations, and thus the limiting factors in determining the constant 
become the concentration and the refractive index. As the concentration may 
be determined as accurately as may be desired, the remaining difficulty is the 
measurement of the refractive index. 

It is the purpose of the present work to show that a quantitative relation 
exists between the concentration of each substance in a solution and the refrac- 
tive index of the solution. We shall show that this relation is valid for typical 
amino acids when a strong acid or base is added, and we shall present evidence 
that the same factors which govern the change in refractive index of an amino 
acid on the addition of a strong acid or base are also operative in the case of 
certain proteins. 


EXPERIMENTAL. 


The substances used in this work were the purest obtainable, and whenever 
necessary were further purified. The hydrochloric acid was diluted to 0-1 
Molal and standardized against borax by the method of Kolthoff (34). The 
sodium hydroxide was diluted from a saturated solution with CO.-free water 
to 0-1 Molal and standardized against oxalic acid. On comparison of the acid 
and base the molalities agreed to better than 0-1 per cent. These two solutions 
were used as standards. The amino acids were all carefully purified and 
analyzed by the Van Slyke amino nitrogen method. Whenever possible the 
solutions were made by dissolving a weighed amount of the pure dry solid in 
distilled water. A standard temperature of 25-0°C. was adopted throughout 
this work. All dilutions were made by volume, a micro burette being used for 
volumes less than 4 c.cm. The volumetric apparatus was calibrated against 
United States Bureau of Standards apparatus. Wherever possible dilutions 
were made with the solutions kept in a thermostat. 

There are two general methods of determining the refractive index of a 
liquid : the one in which the angle of refraction is measured, as in the spectro- 
meter, such as the Abbe and the Helle types of refractometers; the other by 
determining the relative speeds of light in two media by an interference method. 
There is an undoubted advantage to the refractometers, since they permit of 
determining the refractive index without the use of a reference substance other 
than the prisms of the instrument. For comparison of the refractive indices of 
solutions having nearly the same value, the interferometric method is more 
accurate, largely because the measurement is differential, and because the con- 
trol of the temperature is more readily accomplished. We therefore used the 
interferometric method, the instrument being a Zeiss liquid interferometer. 
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The bath surrounding the cells of the interferometer was maintained at 
25-0°C. by circulating water through it from a thermostat. The room tempera- 
ture was kept at 25°C. throughout a run. No difficulty was encountered which 
could be attributed to temperature variations. The zero setting of the instru- 
ment was checked each time, and was very constant. Unless otherwise stated, 
the reference liquid was distilled water, the same as used in making the solu- 
tion whose refractivity was to be determined. 

The use of the Zeiss liquid interferometer has been discussed in detail by 
Adams (35), Cohen and Bruins (36), Barth and Schaum (37), Gans and Bose 
(38), and by Clack (39). There are two outstanding defects in the instrument. 
First, the scale readings are not strictly proportional to the change in the 
number of interference bands produced by a given change in optical path. 
Second, there is a shift of the fringes which characterize the central band of 
the system, giving rise to discontinuities in the function relating the concentra- 
tion of dissolved substance to the scale reading. 

The first of these difficulties was easily overcome by determining the scale 
reading for each band, using monochromatic light. This was done for the green 
line of mereury and the D lines of sodium. Following Adams (35b) we set up 
the relation: 

r’=r—a r? 


where r is the actual seale reading, r’ is the corrected scale reading, and a is a 
constant. Tables 1 and 2 give the experimental results, and also the values for 


T the constancy of which shows that r’ is strictly proportional to the number 


of bands. From the data for A~0-546u and A=0-589u we may readily inter- 
polate for A=0-58y, which corresponds to the maximum intensity of the tung- 
sten filament used as a source of light in the normal operation of the instrument. 


The values of - for the two wave lengths are 14-65 and 13-56, which when 


linearly interpolated for A~0-58y gives a value of pats. 


TABLE 1. 


Calibration of Instrument using Sodium Light (A=0-589,). 


B r 3-7 r2X10—5 i Tr? 

10 147 0-7 146-3 14-61 
20 297 3-3 293-7 14-68 
30 447 7-4 439-6 14-65 
40 599 13-3 585-7 14-64 
50 754 21-0 733-0 14-66 
60 910 30-6 879-4 14-65 
70 1069 42-3 1026-7 14-67 
80 1229 55-9 1173-1 14-66 
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B r 3- 


7 1210-5 r’ rr 
90 1390 71-5 1318-5 14-65 
100 1557 89-7 1467-3 14-67 
110 1720 109-5 1610-5 14-64 


Average 14-65 


B=no. of bands counted 

r=scale reading 

r’=corrected scale reading 
ie 

'f=5 

r’=r—3-7X10—5 r2 


TABLE 2. 


Calibration of Instrument using Mercury Light (A=0-546,z). 


B r 3-7 r2x10—5 r’ Ty 
10 136 0-7 135-3 13-53 
20 274 2-8 271-2 13-56 
30 414 6-4 407-6 13-58 
40 553 11-3 541-7 13-54 
50 696 17-9 678-1 13-56 
60 841 26-2 814-8 13-58 
70 986 36-0 950-0 13-57 
80 1134 47-6 1086-4 13-58 
90 1282 60-8 1221-2 13-57 
100 1434 76-1 1357-9 13-58 
110 1587 93-2 1493-8 13-58 
120 1741 112-1 1628-9 13-57 
130 1897 133-2 1763-8 13-56 
140 2057 156-5 1900-5 13-57 
150 2218 182-0 2036-0 13-57 
160 2380 209-6 2170-4 13-56 
170 2547 240-0 2307-0 13-57 
180 2714 272-5 2441-5 13-56 
190 2884 307-7 2576-3 13-55 
200 3066 347-8 2718-2 13-59 


Average 13-57 


The second difficulty is not so readily solved. It is inherent in any inter- 
ferometer if the light is polychromatic. The obvious way of avoiding the diffi- 
culty is to design the instrument for monochromatic light, as Borgesius (40) 
did. The several methods (37, 38, 39) of correcting for the shift by use of an 
equation of the type N=f(r), where N is the refractive index and r is the scale 
reading, are all open to objection, since in each case the function is based upon 
a rather poor approximation. Again the best method seems to be an experi- 
mental one. Following Adams (35a), we simply made the concentration inter- 
vals small enough to permit of determining the shift, and then subtracted the 
seale value for one band and recalculated r’. This procedure yields a con- 
tinuous function for N=f(r), and, while laborious, seems preferable to the use 
of an approximate equation. The results are shown in Table 3. 

In Table 3 we give the values of N for the refractive index and the values 


of 5 where C is the concentration in equivalents per litre. The evaluation of 
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N=f(r’) was accomplished as suggested by Adams (35b). It was only neces- 
sary to substitute in his equation: 
mee. 

N=n no 
the appropriate values for A, rf, and 1, which are 0-58y, 14-43, and 8-04 em. 
The value for | was determined by means of a horizontal cathetometer. We 
have, then, that 

n—no=5-0010—7 r’ 
where n is the refractive index of the unknown solution and no is the refractive 
index of the reference solution. 

It is possible to duplicate the value of r to one scale division which corres- 


ponds to a value of N=5X10-*. For a value of 50-010, which is a mean 


value for the substances studied, a value of N=510—7 corresponds to a value 
for C of 510-5 mols. It is evident that the value of N may be in error by 
+5><10-7 for any value of C, and we may show the relative error for different 
values of C as follows: 


N C Error 
Cc mols/litre. N. % 
0-010 0-0001 0-000001+5 10-7 50-00 
0-010 0-0010 0-000010+5x10-7 5-00 
0-010 0-0100 0-000100+5x10-* 0-50 
0-010 0-1000 0-001000+5x 10-7 0-05 


Accurate results cannot be expected at concentrations less than 0-001 
molal, and since the practical limit of detection of a substance is 0-0001 molal 
an accuracy of 0-1 per cent. in the 0-1 molal solution from which dilutions are 
made is quite sufficient. 

It is very difficult to compare the accuracy of our results with those 
obtained by other investigators because there have been so few measurements 
made at such low concentrations. We can, however, give some idea of the 
accuracy from the data for sodium chloride. In figure 1 we give our results 
and those of Borgesius (40), Heydweiler (41), Baxter (42), and Hallwachs (43). 
The broken lines indicate our maximum error. If we compare the determina- 
tion at 0-0078 molal of Borgesius with our own result we find the values fort 
to be 11:2 and 10-3 respectively. These correspond to the values 0-0000875 
and 0-0000805 for N, a difference of 9 per cent. If, however, we compare 
the values for the total refractive index we find them to be 1-3325675 and 
1-3325605, which differ by only 7 parts in 1,000,000. On the whole our results 
compare with the available data to a very satisfactory degree of accuracy. 

The relation between N and C has been determined for sodium chloride, 
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hydrochloric acid, nitric acid, sulphuric acid, acetic acid, dichloracetic acid, 
oxalic acid, succinic acid, glycine, alanine, a-amino butyric acid, a-amino-n- 
valerie acid, norleucine, aspartic acid, and glutamic acid. The results are 
shown graphically in figures 1 and 2. In Table 3 values for hydrochloric acid 
are given to illustrate the experimental method. 
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Figure 1. 


Dilution Curve of Sodium Chloride. 


TABLE 3. 


The Refractive Index as a Function of the Concentration for Hydrochloric Acid. 
Water was used as a reference. 


HCl mols I—To (1—T,)’ Corr. “i NX 103 «x 103 Shifts 
0-0010 18 18 0-0 18 0-0090 9-00 0 
0-0030 51 51 0-1 50-9 0-0255 8-50 0 
0-0035 73 58-6 0-1 58-5 0-0293 8-13 1 
0-0040 86 71-6 0-2 71-4 0-0357 8-92 1 
0-0050 103 88-6 0-3 88-3 0-0442 8-82 1 
0-0075 148 133-6 0-7 132-9 0-0665 8-86 1 
0-0081 156 141-6 0-7 140-9 0-0705 8-75 1 
0-0085 162 147-6 0-8 146-8 0-0734 8-64 1 
0-0090 171 156-6 0-9 155-7 0-0779 8-66 1 
0-0095 180 165-6 1-0 164-6 0-0823 8-66 1 
0-0100 209 180-2 1-2 179-0 0-0895 8-95 2 
0-0150 295 266-2 2-6 263-6 0-1318 8-78 2 
0-0170 339 295-7 3-3 292-4 0-1462 8-60 3 
0-0179 355 311-7 3-6 308-1 0-1541 8-61 3 
0-0200 396 352-7 4-6 348-1 0-1742 8-71 3 
0-0220 427 383-7 5-5 378-2 0-1891 8-59 3 
0-0230 460 402-3 6-0 396-3 0-1982 8-61 4 
0-0260 517 459-3 7-8 451-5 0-2258 8-68 4 
0-0280 553 495-3 9-1 486-2 0-2431 8-68 4 
0-0290 583 510-8 9-6 501-2 0-2506 8-64 5 
0-0300 604 531-8 10-4 521-4 0-2607 8-69 5 
0-0400 791 718-8 19-1 699-7 0-3499 8-75 5 
0-0405 807 720-4 19-2 701-2 0-3506 8-65 6 
0-0420 835 748-4 20-7 727-7 0-3639 8-66 6 
0-0500 995 908-4 30-5 867-9 0-4339 8-68 6 


Average 8-68 
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For the determination of the change in refractive index with the neutraliz- 
ation of an acid or base we adopted the following procedure: 10 c¢.c. of a 0-1 
normal solution of the substance was pipetted into a 25 e.c. volumetric flask, 
and the desired amount of 0-1 normal titrating substance added. The mixture 
was then diluted with distilled water to 25 ¢.c. at 25°C. The resulting solution 
was 0-04 normal with respect to the substance being neutralized. The reference 
solution was generally a 0-04 normal solution of the substance being titrated. 
The results are shown graphically in figures 3-20. Any special alterations in 
the general procedure here outlined will be noted in the discussion of the 
particular case. 


DISCUSSION. 


Unfortunately, in a paper of this scope it is impossible to give proper credit 
for the various theories underlying the interpretation of the experimental 
results. We have drawn freely upon current theories of solution, and desire 
to express our indebtedness to the many individuals who have contributed to 
our present understanding of the properties of solutions. 

We shall consider first the relation between the refractive index and the 
concentration of the solute. In figure 2 are shown the curves for the various 
acids studied. A study of this figure leads to several interesting conclusions, 
which we shall now consider in detail. 


T 
The values for ‘ approach a constant for each substance with decreasing 


concentration of the solute. This is to be expected if the rule of additivity is 
accepted. In an infinitely dilute solution we may expect complete ionization 
and a minimum of interaction of the ions and a stable degree of hydration. An 


increase in ionization should increase the value of q sinee the refraction of a 


molecule is less than the sum of refractions of its constituent ions. This follows 
from the lessened constraint of the electrons, especially the valence electrons, 
in the ionized state as compared with that in the combined state. The effect of 
hydration is twofold. There is a decrease in the refraction of the solute and a 
decrease in the refraction of the water. So marked are these effects that in the 
ease of the hydronium ion we actually find a negative value for the molecular 
refraction (Fajans, 24a). A third factor is the association of the molecular 
species present, both of the solute and the solvent. Association of either solute 
or solvent molecules should lower the refraction of the solution. We note that 


in all cases studied the value “5 increases with dilution. This is entirely in 


accord with the presumed action of the several factors affecting the refraction 
if we assume that ionization and dissociation produce a change of greater 
magnitude than that due to solvation, or that the degree of solvation changes 
less with dilution than does the degree of ionization or association. 
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At any particular concentration of solute we must distinguish two cases, 
the one in which the solute is very slightly ionized, the other in which it is 
nearly completely ionized. This is an arbitrary distinction for convenience in 
discussion. In general, any specific solution will be intermediate between these 
two extremes. 

In the first type of solution we have the factors of association of solute mole- 
cules, the association of solvent molecules, and solvation. In a sufficiently dilute 
solution association of solvent molecules may be assumed to be constant, and the 
changes occurring on dilution will be those resulting from a change in association 
of the solute molecules and the accompanying change in solvation. It is probable 
that on the dissociation of a complex of polar solute molecules each molecule 
is able to assume a greater degree of solvation. The relative increase in solvation 
would be proportional to the relative polarity of the solute and solvent. This 
increase in solvation should compensate to some extent the increase in the refrac- 
tion due to dissociation, so that the change in refraction would be less than would 
be predicted for dissociation alone. 

In the second type of solution we have the factors of association of solvent 
molecules, the association of the solute ions, and the solvation of solute ions. 
Again we may assume that in a sufficiently dilute solution the association of 
solvent molecules is constant. The degree of association of the ions is presum- 
ably dependent upon the concentration. We should assume then that any change in 
é for this type of solution is due to the change in association of the ions modi- 
fied by the ensuing change in solvation. 

When we consider the intermediate type of solution, the partially ionized 
solute, we find a great complexity. All of the factors in both types are present, 
and it is dangerous to speculate about the changes occurring unless some specific 
data are at hand which eliminate the majority of the factors. We may assume, 


however, that the change in a caused by ionization will be much greater than 


that caused by other factors, since here we are dealing with primary valencies, 
and the change in constraint of the electrons will be much greater than in the 
ease of seeondary valencies. 

To test this assumption let us consider the several acids studied between the 
concentrations of 0-001 molal and 0-1 molal. Let us neglect all other factors 
save ionization, and let us assume that the following relation exists for a partially 
ionized acid : 

N=vyt++va—+vHa (1) 
where N—n—ngp is the refraction due to the solute alone, and the v’s are the 
fraction due to each species of solute. We shall now make a further assumption 
which is in accord with our statement that the refraction is proportional to the 
concentration, namely, 


vx=$x (X) (2) 
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Here x is a solute species, (X) is the concentration of x in mols per litre, and 
¢x is a constant. Equation (1) becomes: 


N=$y+(H*t)+¢a—(A—)+¢nHa(HA). (3) 
Since 
(H+)=—(A-) 
we have, 


N=(¢y++¢,4—) (H*+)+¢pa(HA). 


TABLE 4. 


The Refractive Index as a Function of the Concentration and the Degree of 
Ionization for Oxalic Acid. Water was used as a reference. 

Oxalic 

Acid en ee . A semeae 

Mols. ro NX108 ¢ X103 Shifts (H+) (HA) $u aC Hed) (OH++onHa—) (H+) Neate.) 
-002 -0280 14- 
-004 -0510 13- 
-006 -0760 12- 
-008 -0990 12 
-010 1235 12 
-012 147 12 
-014 171 12- 
-016 194 12- 
-018 -216 12- 
-020 240 12- 
-025 +299 12- 
-030 +354 11- 
-035 410 1l- 
-040 -463 11- 
-045 -515 1l1- 
-050 -569 1l- 


0-0018 0-0002 06-0019 0-0235 -0254 
0-0036 0-0004 0-0037 0-0469 -0506 
0-0052 0-0008 0-0074 0-0678 -0752 
0-0068 00-0012 0-0111 0-0886 -0997 
0-0082 0-0018 0-0167 0-1068 +1235 


-0145 0-0055 -0510 -1889 
-0197 0-0102 -0947 -2580 


-0245 0-0155 -1438 +3192 


PUAN DWOCOCOKFNNwWrKHNOS 
Noerr Pw WD WN ee © 


ecocococooooceoceocece 


N=(¢pa—+¢nH+) (H+) +6yH,4(HeA) 
ua +¢y 1=13-03 
ouH,A= 9-28 


For a weak acid whose Ka is known we may easily find the values of (H+) and 
(HA) for any concentration of the acid. Substituting these in equation (4), 
and treating the ¢’s as undetermined coefficients, we may from two experi- 
mental values of N determine the values of (¢y++¢a—) and (ya). The 
results for the cases of oxalic and dichloracetic acids are given in Tables 4 
and 5. The agreement between the calculated value of N and the observed 
value is sufficiently good to show that in these two cases the change in the 


value of z with C is largely due to a change in the degree of ionization. 
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TABLE 5. 


The Refractive Index as a Function of the Concentration and the Ionization 
of Dichloracetic Acid. Water was used as a reference. 


Acid 
Mols. + NxX103 4 x103 Shifts (H+) (HA) (¢,—+¢H+)(H+) ¢ua(HA) Naa. 


0-001 62 0-0170 17-0 0 0-0010 0-0000 0-0179 0-0000 0-0179 
0-002 111 0-0344 17-2 1 0-0019 0-0001 0-0340 0-0013 0-0353 
0-003 147 0-0525 17-5 1 00-0028 0-0002 0-0501 0-0025 0-0526 
0-005 217 0-0875 17-5 1 0-0046 0-0004 0-0823 0-0050 0-0873 
0-006 254 0-1050 17-5 1 0-0054 0-0006 0-0966 0-0075 0-1031 
0-008 325 0-1392 17-4 1 0-0070 0-0010 0-1252 0-0125 0-1377 
0-010 398 0-1738 17-4 1 0-0085 0-0015 0-1522 0-0188 0-1710 
0-015 581 00-2565 17-1 2 0-0121 0-0029 0-2166 0-0363 0-2529 
0-020 770 0-3360 16-8 3 00-0154 0-0046 0-2757 0-0575 0-3332 
0-030 1148 0-4890 16-3 7 0-0211 00-0089 0-3777 0-1112 0-4889 
0-040 1510 0-6400 16-0 9 00-0263 0-0137 0-4708 0-1712 0-6420 
N=(¢,—+6y+) (H+ )+¢Ha(HA) 
Gya—12-5 


(¢a—+¢n+)=17-9 


Referring again to figure 2, we see that of the acids studied only oxalic, 
dichloracetic, hydrochloric, nitric, and sulphuric have sufficiently high values 
for Ka to yield a concentration of their ions greater than 10-* mols per 
litre at 0-001 molar concentration. Of these, hydrochloric and nitric 


acids give a constant value for ® indicating complete ionization over the range 


studied. Oxalic and dichloracetic have been considered. Sulphuric acid offers 
difficulties. If we attribute the shape of the curve to ionization, the value of 
Ka, would lie between 510-2 and 10—1, whereas sulphuric acid is usually 
considered to be completely dissociated at low concentrations. However, the 
work of McBain and van Rysselberge (48) and Randall and Langford (49) 
indicates that sulphuric acid is not completely dissociated. We hesitate to 
assume a value for Ka, and compute the corresponding values for the ¢’s, since 
it would not show whether ionization or some other factor were the cause of 


the shape of the curve. If we assume that the value of N becomes constant at 
0-002 molar concentration, we have a value for Ka, approximately equal to 0-1 
whereas if the value of ‘ becomes constant at 0-004 molar, Ka, becomes approxi- 


mately 0-05. In any case, our data are not accurate enough at this concentra- 
tion to permit a choice, and any calculations seem therefore futile. 


The lack of constancy of f for the other acids studied must be attributed 


to other factors than ionization. All that we can conclude is that at low con- 
N 


centrations the values of C 


do approach a constant. We have no way of 
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deciding from our data what factors are active in these cases, nor even to what 
extent they occur. This will be evident if we consider glutamic acid. If we 


attribute the change in the value of ito association we cannot decide whether 


it is from a monomolecular state to a dimolecular, or from a dimolecular to a 
trimolecular. We cannot even decide whether it is from a monomolecular to 
a dimolecular or to a trimolecular state. 

Some other features of interest in figure 2 may be pointed out. The values 


of q imerease with increase in molecular weight in homologous series. This 
has often been pointed out for the values of the molecular refraction (24b, 50). 


The values of N for the glycine series are: 13-5, 15-2, 18-1, 20-5, and 22-6. 


The extra CH» increases the value of X for glycine by 1-7, for alanine by 2°9, 


for a-amino butyric by 2-4, and for a-amino-n-valeric acid by 2:2. These values 
are in fair agreement. The influence of the NH» group is apparent from the 
position of succinic acid and of aspartic acid. 

We should like to emphasize the necessity for work at even greater dilu- 
tions than we have employed. It is evident from figure 2 that conclusions 
based on relative refractivities at a concentration of 0-1 molar are no longer 
valid at 0-001 molar, and that in some eases, e.g., aspartic acid, the values of 


N 


C are not constant even at 0-001 molar concentration. 


Titration Curves. 


Since, as we have shown, the refractive index of an electrolyte is depen- 
dent upon the degree of ionization, it is to be expected that the course of: 
neutralization and precipitation reactions can be followed by changes in the 
refractive index of the solutions. This has been done experimentally by Becka 
(51), Berl and Rains (52), Kondo (31), and Thomas and Mayer (53). It 
seemed worth while to endeavour to develop a quantitative mathematical rela- 
tion between the refractive index and the concentration of the various solute 
species. We shall consider first the case in which both acid and base are 
strong, and, secondly, the case in which either the acid or base is weak. 


Section 1. 


We shall assume: 


1. That the mass law is valid in the sense that we shall not discriminate 
the quantities used as to the distinction activity or concentration, since it will 
be obvious that our results are independent of this distinction. 


2. That all strong electrolytes are completely dissociated. 
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3. That the refraction of each species in solution is a characteristic pro- 
perty dependent only on its concentration, so that all effects such as hydration 
will be implicitly included. 


Case I. Strong Acid-Strong Base. 
The reaction is: 
Na++OH~-+H+t+A- > Nat++A~-—-+HOH. 
The species present in solution are: 
Nat, OH-, H+, A- 
From equations (1) and (2) we have: 
N=¢1(A-)-+¢3 (Nat) -+¢4(OH-) +45 (H+) (5) 


If we add the base to the acid, and designate the initial concentration of 
acid by C, we have: 


(A-)=C (6) 

Also 
A~)+(OH-)=—(Ht)+(Na*) (7) 
Kw=(H*) (OH—) (8) 


We desire to express the concentration of each constituent of the solution as 
a function of C, (Na+) and Kw 


From (6), (7), and (8) 
(OH— )?—Kw+(Nat)(OH-)—C(OH—) (9) 
This can be solved giving, 
—[{C—(Nat)]+ Vv [C—(Na*) |?+4 Ky 


1S hoe ———— ~——— ) 
(OH—)=— 5 (10) 
From (6) and (8) equation (5) becomes 
‘ 5 K 
N=$1(C)-+$3(Nat)+$4(OH-) +45 (oq -) (11) 
Substituting (10) in (11) we have 
1 /—[C—(Nat se | lal vat) |? | — Ww 
N—=1(C)-+45 (Na+) +44) © SAT )Te MSI He “| 
¥ 2Kw de 
Ts (- oe (Nat+)]+ V [C—(Nat) }?- 4 Ge ) (12) 


For our purpose we may neglect the term 4 Kw in making calculations. The 
term ¢,C will drop out if the reference solution used is the same acid at the same 
concentration as that which is being titrated. 

Equation (12) is of the type 

N=6; (Nat) +62 (OH—) (13) 








REFRACTIVITY OF PROTEINS AND AMINO ACIDS 49 


Case II. Weak Acid-Strong Base. 
The reactions are 
HA 2 Ht+A~- 
HA+Nat+OH- 2 Nat++A-+H,0 
The species present in solution are: 
HA, A-, Nat, OH-, H+ 
Let 
=vat+vHatynat +voH—+vHt (14) 
where N = refractive index of the solution less that of water. 
Then from equations (1) and (2): 
N=¢1 (A~ )+¢2 (HA) + $3 (Nat) +4 (OH )+¢5 (Ht) (15) 


If C—total concentration of acid: 





(HA)+(A-)=C (16) 
Also 
(H+) (A-) 
a (HA) (17) 


Our desire is to express the concentration of each constituent of the solution 
as a function of C and (Nat) and Kg and Kw. 


From (7) and (8) 


(A-)=(Nat+)—(OH-) + —* 


TOH-) (18) 


And from (15) and (16) 
N=¢; (A~) +42 [C—(A~ )] +43 (Nat) +¢4(OH—) (19) 


From (18) and (19) 
N=$; [ (Na+)—(OH-) +p ]-+40 [ c—cvat)+(OH-)— Ee] 
+3 (Nat) +¢4(OH— ) (20) 
Equation (20) reduces to 
N=($1—$2) (ppey t+ ($12 +s) (Na+) + (—$r-+h2-+64) (OH-)-+$2€ 
(21) 


To find (OH—-)=—f (Nat) we have, from (16), (17), and (8) 


sa Kw (A-) 
(OH—-)= K, (C—(a-)] (22) 
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Substituting for (A-—) from (18) 
WP Sica 
(Nat )—(OH—)+ 7B cor j 











(OH-)— 3 - (23) 
Jat )— 
Gn —[ixat)— (OH- + 
Clearing of fractions: 
K,C(OH- )—Ka(OH~— ) (Nat+)+Ka(OH- —— 
—Kw(OH~-)+ —— One y (24) 


9 


Kw? : 
We shall neglect the term (OH=) as otherwise the solution becomes some- 


what laborious. 


Collecting terms: 
(OH— )? Ka+(OH~—) [Ka (C—(Nat+))+Kw]—Kw[Ka+(Nat)]=0 (25) 


—[Ka(C—(Nat ))+Kw] 





(OH-)= 














2 Ka 
4 V [Ka(C—(Nat ))+Kw]?+4KaKw[Ka+ (Nat )] (26) 
2Ka 
Substituting this in the previous value for N, equation (21), and neglecting 
the term includi = 

ANNO outa Ka(C—(Nat+) )+Kw] 

N= (1—#o-+n) (Na+) + (—a-+60-+64) {=e Ee 
<< [Ka(C—(Na*))+Kw]?+4 KaKw[Ka+(Nat)] +400 (27) 





2 Ka 


Since OH~— is always a positive quantity we may use only the plus sign 
before the radicle. 


For acids of Ka>10—5 


The term OHS) in equation (21) becomes important. 
From equations = and (24) : 
_Kw_ _Kw? Kw? 
+Kw(H*t) (28) 


: KaKw? ‘ j ' 
Neglecting the term (H +y2and clearing of fractions we have on collecting 


terms: 














REFRACTIVITY OF PROTEINS AND AMINO ACIDS 51 


(H+)? Kw+ (H+) [Kw(Ka+(Nat))]—[KaKw(C—(Na+))+Kw*]—0 (29) 
c+) ——Kw(Ka+(Nat)) 





“OF Ky 
+ ¥— Kw(Ka+ (Nat ) ) | 2+-4 KwKaKw(C—(Nat ) )+Kw? (30) 
2 Kw 
The last term may be simplified for caleulation: 
2 
= 





V Kw*Ka?+2Kw?Ka(Nat)+Ky?(Nat) +4Kw?KaC—4Kw?Ka(Nat )+4Kw? 
p=vV Ka?+2 Ka(Nat)+(Nat)?+4 KaC—4 Ka(Nat)+4Kw 
p=V Ka(Ka+4C—2(Nat))+(Nat)? 

If we place 
q=Ka+ (Nat) 
x=Kw[Ka+(Nat)] 


y=Vx?+4 Kw[KaKw(C—(Nat))]+Kw? 











Then 


N=($1—#2 +45) SEP + (:—d2-+¢5) (Nat) -+(—#1 + 42-464) 


(Re )+#20 (31) 


If the solution contains no base, i.e., if it is simply a solution of a weak acid: 
(30) reduces to: 


(H+)— —Ka+ V Kw?Ka?+4Kw? > Ka C+Kw? | 


2 Kw 
aa 1Ko2- Y 
——Katv = +4 Ka C (32) 
which is the familiar equation for (H+), and (31) reduces to 
N=(¢1—¢2+¢5) (H+) +2C (33) 


From the symmetry of equations (27), (31), and (33) it is obvious that 
when Ky, and (Nat) are replaced by Kp and (Cl—) we have the corresponding 
equations for a weak base in the presence of HCl, or in equation (33) simply 
the dissociation of the free base. We thus obtain the following: 


Ky(C—(Cl-))+Kw 
N= (¢1—#2- +45) (Cl) + (s+ b+} | — MS) 


4 V[Ko(C—(Cl- ))+Kw]? 2+-4 KpKw(Kp+ (Cl- DD 4+-$0C 
2 Kp 











(27’) 
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N=($1—#o-+4) 15°? + (dso +40) (CI-) 

+ (¢s-+2-+65)(—5e-) +420 (31') 
and 

N=(¢1—¢2+¢4) (OH—)+¢2C (33”) 


In (27’), (31'), and (33’) ¢o is the constant for the weak base instead of 
the weak acid. 

Equations (27), (31), (33), (27’), (31'), and (33’) permit of evaluating 
the ¢’s from the experimental data. The obvious method is to set up four 
equations and solve, but the data are not accurate enough to permit of this, 
since we are determining quantities of a large magnitude in terms of those of 
small magnitude. It seems best to consider the equations to be of the type, 

N=6; (Nat+)+62(OH-), (34) 
and to solve by successive approximations. The values of the ¢’s may be de- 
rived from the values of the 6’s and the relation between the refractive index 
and the concentration of the separate substances in water. 

Since these titration curves do not give a sharp break when K, or Kpn< 10-5 
it becomes of interest to find the position of maximum curvature. We proceed 
as follows: 


Section 2. 
To determine the position of maximum curvature with reference to (Nat) 
when Ka<10-5. 
If in equation (27), Section 1, we place 
61—=(¢1—¢2+¢3 ), 02—=(—$1+2+¢3), 


and if for convenience we place 





Ka (C—(Nat) )+Kw—x (35) 
Vx?-+-4 KaKw Ka+(Nat)=y (36) 
(27) becomes 
N=6, (Na+) +05 Re when ¢».C is subtracted from both sides (37) 
From the calculus: 
2 
ices = slope of N = f (Nat); away? = rate of change of slope of 
N=f (Nat) 
, a  .. — 
d(Nat)3 ~ Ww d (Nat)? # ® maximu : 


_aN_ :* dx dy 
d(Na¥)~” * 2Ka ~ d(Nat) + a(Nat) ) (38) 
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and 
d?N 62 d?x ay 
a(Na+)? “aK (awa)? * ate?) ) (39) 
and 
d3N O° 2-(-3 es — d3y a d3y (40) 
d(Nat+)? 2Ka\" d(Na*+)% “d(Nat)3 J)” 2Ka d(Nat)3 
Since 
dx d?x . 
Now 
d*y — Kg? -( dy fb 
a(Nat)2> y a(Nat) from (36) (42) 
and 
— a el d(Nat) 2 dy d?y 
d(Nat)? ~ “aga } -[- (aes) yt y d(Nat) d(Nat)2. 
(43) 
Hence 
dN 6 [- 2 d?y J 
d(Nat+)® ~ 2Kay mat d(Nat+)2 ~ y +3 (en) ] “ 
dy F 
& sr ' dy 2 
= d(Nat — RE _. 
<_ : Rana (Gade; ht (ages ) | 
dy 
= © a(Nat) 9.049 . (45) 
——s d(Nat) 
2 Kay? 7 
ae (45) we have 
3 Oo 
laxcs age aot) + tert iat +) | [- ao aN d(Nat+) =s (46) 
This equation is satisfied if 
dy 
“d(Na*) = Oor +Ka 


which is true when 
—2x Ka+4 KaKw 
2y 





=Oor Ka 
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We thus have two cases: 


“—— 

‘“ d(Nat+) 

P Kw 
— \f + —=E—_ 

if C—(Nat) Ka 
dy 

2. d(Nat) 

Now if: 
—2x+4 Kw=2 y 


—2K,(C—(Nat ))—2 Kw+4 Kw=2 y 
—Ka(C—(Nat+))+Kw=v [Ka(C—(Nat))+Kw] ?+4 KaKw(Ka+(Nat)) 
—4 KwKa(C—(Nat))—4 KwKa(Ka+(Nat)) 

—C=—Ka 


This is absurd, and therefore case 1 is the solution. 





Therefore the point of maximum curvature occurs where 
C—(Na+)—" (47) 
Ka 


which is the desired solution. 


Section 3. Determination of Kg or Kp. 


Suppose that we consider a weak base whose titration curve with HCl is 
given by: 
N=6, (Cl) + 

6.—[Kp(C—(Cl-) )+Kw] + V [Kn(C—Cl-) ) + Kw]?+4 KpKw(Kb+ (Ol) 
2Kp 











This may be used as an empirical equation having 
N=f[(Cl—), 6; 62, Kp, Kw], where (Cl—) is the only variable. 


Let Kp(C—(Cl-) )+Kw=x 
and eae =VY 
Then 4 Ka*y?+4 Kpyx+x?—x?+4 KpKw[Kp+(Cl-) ] 
Kp?{y?+ [C—(CI-) ]y—Kw}+Kb{Kw y—Kw(Cl-) }=0 


Kp=0 is one root. 


The other root is obviously 
[y—(CI-) ] Kw 


Ko= — 524 [C—(Cl-) y—Kw 
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In the preceding sections we have developed formulae connecting the 
change in refractive index with the process of neutralization of an acid or a 
base. This seems to emphasize the importance of the H+ concentration. We 
wish to point out that the underlying cause is not the change in H+ concentra- 
tion, but the more general phenomenon of a change from the state of molecular 
combination to the state of an ion. This is essentially a change in constraint 
of the valence electrons, which change is manifested in a change in the refrac- 
tive index. 

In the following we shall show in a graphical way the changes in the 
refractive index accompanying neutralization for the several acids studied. 
The values of Ka and Kp used were taken from the summary of Kirk and 
Schmidt (32). 

In consideration of the results presented for the neutralization of the acids 
studied we may state that the agreement between the observed and the calcu- 
lated curves is good in all of the cases presented. The close degree of corres- 
pondence is a strong confirmation of our assumption that the réle of ionization 
is an important one in the change of refractive index of a substance in solution. 
While we cannot in all cases calculate the refractive index to an accuracy 
within the experimental error, we do feel confident that our results demonstrate 
that the applicability of our formulae shows the dominance of ionization over 
the other factors. 
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The lines are calculated from equation 


Hydroxide. (27). The ecireles represent experimental 

The lines are straight and intersect at points. While acetic acid is much weaker 
the stochiometric point. The lines are than HCl, the lines are still practically 
theoretical. The circles represent experi- straight, although there is a slight ecurva- 
mental points. ture near the origin. The scale of the 


figure is too small to show that there is 
actually a curvature at the stochiometric 
point and not an angle as shown. 
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We would expect that neutralization of hydrochloric acid, a typically 
strong acid, by a strong base should give a linear relation between the value of 
N and the amount of base added. This is actually the case (figure 3). The 
first portion of the curve is the resultant of the increase in the value of N, due 
to increasing the amount of NaOH added, and the decrease in the value of N, 
due to the formation of water from its ions. The second part of the curve is 
simply the dilution curve for NaOH. While acetic acid is much weaker than 
hydrochloric, the relation between N and the amount of NaOH added is still 
essentially linear (figure 4). The reason is that the (OH—) does not become 
appreciable (greater than 10—* equivalents) until after the stochiometric point 
has been passed. 
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The curve is drawn through the experi- Titration of Glycine. 


mental points. The dissociation constants I with NaOH. II with HCl. 


are too close to permit of considering them The curves are theoretical. The points 
separately and of applying equation (27). are experimental. In curve II there is no 
Note the curvature near the origin, and evidence of a break, and even the point of 
also the inflexion at about NaOH=0-03 maximum curvature is very difficult to 
equivalents. The inflexion is due to the ascertain . 

transition from the first to the second dis- : 

sociation. 


Oxalie acid, a typical dibasic acid, shows two distinct equivalence points 
(figure 5). There is a continuous increase in the value of < as we go from the 
undissociated acid to the monovalent ion and from the monovalent ion to the 
divalent ion. Unfortunately, this case cannot be dealt with mathematically in 
a simple manner, as the values of the dissociation constants are too close to 
permit separate treatment. However, no peculiarity of a qualitative nature is 
evident. 

The titration curves of glycine (figure 6) and of alanine (figure 7) are so 
similar that any statement which is made about one applies to both. The titra- 
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tion with NaOH yields an easily discernible point of maximum curvature. If 
we make use of the relation given by equation (47), we find that the point of 
maximum curvature occurs at (Nat+)—0-0399, i.e., just before the stochio- 
metric point. When we consider the neutralization of the amino group we find 
a very different curve. Here the transition from undissociated base to the ion 
takes place throughout the entire titration, and results in a very flat curvature. 
Here the point of maximum curvature is at (Nat+)—0-036 equivalents, well 


below the equivalence point. 
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Pigure 7. 
Titration of Alanine. 
I with NaOH. II with HCl. 


The curves are theoretical. The points 
are experimental. The slightly greater 
eurvature of curve II, with respect to 
eurve II for glycine (see Fig. 6), is not 
due to a difference in the values for Ky}. 
It is due to a greater difference between 


the value of rl for the ion, and for the 


base in the case of alanine. 
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Figure 8. 
Titration of Lysine. 


Since the dihydrochloride was used, the 
break at 0.02 equivalents of NaOH indicates 
the neutralization of one HCl, and that at 
0-04 equivalents of NaOH indicates the 
neutralization of the second HCl. Up to 
0-04 equivalents of base, the curves are 
drawn through the experimental points. 
The remainder of the curve is theoretical. 
The two breaks in the curve are not dis- 
continuities, but must be regions of great 
curvature. 


This change in curvature of the titration curve with the change in the value 
of the dissociation constant is always observed. The shift of the point of maxi- 
mum curvature away from the equivalence point increases with decreasing 
values for the dissociation constant, as is evident from equation (47). 

In the cases of lysine and of arginine it was necessary to use the acid salt, 
since the free bases are difficult to obtain. For lysine we used the di-hydro- 
chloride (figure 8). The curve is essentially a back titration. The first break 
in the curve, (Na+)—0-02, represents the neutralization of one equivalent of 


HCl, and the second break represents the transformation of the monohydro- 
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chloride to the free base at (Na+)—0-04. From here on we are titrating a 
weak acid, and equation (26) can be applied. For arginine we used the mono- 
hydrochloride. Curve I (figure 9) has a sharp change of slope at (Nat+)—0-02, 
representing the completion of the formation of the free base. The remainder 
of curve I is the titration of the weakly acidic group. The point of maximum 
curvature is at about (Nat+)—0-039, and is well marked. In curve II (figure 
9) we have the neutralization of the second basic group. This curve is quite 
similar to the cases of glycine and of alanine. 
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Figure 9. 


Titration of Glutamic Acid. 
I with NaOH. II with HCl. 
Curve I is entirely experimental, since 


Titration of Arginine-mono-hydrochloride. 
I with NaOH. II with HCl. 


The break at 0-02 equivalents of NaOH 
in curve I is the transition from the acid 
salt to the free acid. From this point on, 
the curve is theoretical. Curve II is also 
theoretical, and is very similar to the pre- 


the values for the K,’s are too close to 
permit of applying equation (27). The 
upward bend at the half neutralization 


point indicates that the value for x for the 





vious curves for the weak base. Curve II 


ion HA~— is less than for the acid HA. 
embraces only the second Kj, for arginine. 


Curve II is theoretical. The crosses indi- 
cate experimental values. 


The titration curves of glutamic acid (figure 10) and of aspartic acid 
(figure 11) are, as we should expect, very similar. The agreement between the 
calculated and observed values is good. The acid dissociation constants are 
too close to permit of a theoretical treatment. However, we may note that the 
points of maximum curvature (curves I, figures 10, 11) approximate closely the 
stochiometrie points. 


We shall consider now the peculiar relation between the value of ‘ for the 


ion and for the molecule that was found in the cases cof glutamic acid and of 
aspartic acid. This relation was not observed for oxalic acid. We may formu- 
late the neutralization of aspartic acid in three way: (a) on the basis of the 
classical dissociation, (b) on the basis of the “Zwitter Ionen” theory, and (c) a 
possible but less probable method of dissociation which includes both of the 
former types of dissociation. The possibilities are illustrated by the following 
equations: 
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Titration of Aspartic Acid. 

I with NaOH. 

Curve I is entirely experimental, since 
the values for the K,’s are too close to 
permit of applying equation (27). Curve II 


II with HCl. 


The crosses indicate ex- 


q for glutamic acid (Fig. 10). 
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In (a) we have a change (1) from the undissociated amino acid to the ion 
having one free electron, and (2) from the latter to an ion with two free 


electrons. The relation of the values of . for the substances would be: 


N _—_ 2 
G: (Had) (6G, (HA-) CF; (A=). 


In (b) we have a change (1) from the ion having one free electron to the ion 
having two free electrons, and (2) from the ion having two free electrons to 
the ion having two free electrons. In addition, the constraint on the electrons 
of the nitrogen atom is lessened in step (2). The relation of the values of ‘ 


4 


for the substances would be: 

N N N - 

@ (H2A) G (HA Ee (A=). 

In (c), which is a less probable formulation of the “Zwitter Ionen,” we have a 
change, (1), from the ion having one free electron to the ion having one free 


electron accompanied by a lessened constraint on the electrons of the nitrogen, 
and (2), from the ion having one free electron to the ion having two free 


electrons. The relation of the values of 4 for the substances would be: 


N 
G: (Ha) Yq, (HA-) CG, (A=). 


Referring to figures 10 and 11 (curves I), it is seen that only ionization in 
accordance with case (b) accounts for the shape of these curves. The first 
portion of curve I in each case is represented by the first step in the ionization 
as shown in the above equations, and the second by the second step. Case (b) 
is the only one which accounts for the change in the shape such as is found in 
these curves. We do not feel that this is proof of the “Zwitter Ionen” theory, 
but only that it is a confirmation of it. We also consider that this analysis is 
evidence of the applicability of the changes in refractive index to a study of 
the changes occurring in solution. 

We now come to a consideration of the change in refractive index of certain 
protein solutions upon the addition of acid or base. We chose gelatin, edestin, 
and serum albumin, since these have properties which characterize many of the 
common proteins. On account of its insolubility over the isoelectric range, 
casein was not employed. 

We found that the value of N for a solution of isoelectric gelatin decreases 
on standing. This is due to the formation of a flocculent precipitate which 
slowly forms and separates. This finding is in accord with the work of 
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Schryver and Thiman (54), Northrop and Kunitz (55), Pleass (56), and Shep- 
pard, Hudson and Houck (57). The value of N of the supernatant liquid 
decreases continuously with this separation. This change is not so rapid if the 
pH is different from that of the isoelectric point. In order to avoid this diffi- 
culty we made up a solution, adding a little acid or base to it immediately, and 
made the solutions used in determining the titration curve from the stock 
solution. 
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Figure 12 Titration of Edestin. 


, . , I Titration of sodium edestinate with HCl. 
Titration of Gelatin. Il Titration of sodium hydroxide with HCl. 


I with NaOH as Curve III is curve II shifted to coincide 
(a) In the sol condition. with curve I, when HCl added equals zero. 
(b) In the gel condition. The value of N included between curves II 

; and III is that part of the total value of N 
II with HCl due to the neutralization of the NaOH by 


(a) In the sol condition. the HCl. The dotted portion of I is that 
(b) In the gel condition. range in which the solutions are not optic- 
ally clear. 


There is great difficulty in obtaining reproducible titration curves. Any 
alteration in the process of making the solution, such as changing the tempera- 
ture at which the gelatin is dissolved or filtering the solution, will influence the 
results. We finally adopted the procedure of dissolving the gelatin at 37°C., 
adding acid or alkali sufficient to stabilize it (0-1 to 0-2 milliequivalents per 
gramme of gelatin), and adjusting the volume at 25°C. to give a 1 per cent. 
solution. No filtration was used. From this solution 50 ec. samples were taken, 
acid or alkali was added, and the mixture was diluted to 100 ee. at 25°C. The 
resulting solutions were rather viscous, but sufficiently fluid to permit of mak- 
ing readings. The curves obtained with these solutions (Ib, IIb, figure 12) 
were quite different from what we expected and impossible of reproduction, 
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although the general character was always the same. It was found that if these 
viscous solutions were heated to 50°C, and then cooled to 25°C., they became 
and remained quite fluid. The curves for the fluid solutions (Ia, Ila, figure 12) 
are of a normal type and reproducible. They are reproducible in that the only 
alteration is a shift relative to the axis of N for the entire curve, the shape 
and the point of maximum curvature remaining sensibly the same. 

This peculiar difference between the values of N for the gel and sol states 
finds a counterpart in the studies of Krishnamurti (58) on the scattering of 
light in protein solutions. It is difficult to explain the pronounced minimum 
which was always observed at about 0-4 milliequivalents of acid or base added. 
Since the combining power of gelatin is different for acid and for base, being 
about 0-7 milliequivalents per gramme for acid and 0-5 milliequivalents per 
gramme for base, there does not seem to be a direct correlation between the per 
cent. neutralized and the minimum in the value of N. It is possible that the 
minimum is due to some stable configuration of the gelatin molecules. 

The values obtained for the combining power do not agree with those 
usually accepted, which are about 0-3 milliequivalents of base per gramme and 
0-8 milliequivalents of acid per gramme of gelatin. It is to be noted, however, 
that in the case of gelatin the state of aggregation seems to play a much more 
important role in determining the value of N than does the change from the 
isoelectric to the salt state. Svedberg (59) has shown that in several cases the 
molecular weight of a protein varies with the acidity of the solution. A change 
in the molecular weight would be expected to cause a change in the refractive 
index, and might considerably modify the change in the value of N due ‘to 
ionization. 

In the case of edestin the protein was dissolved in excess sodium hydroxide 
and the solution was analyzed for nitrogen. Assuming the per cent. of nitrogen 
in edestin to be 18-6, we calculated the concentration of the protein in the 
solution. Each cubic centimeter of the solution contained 0-01057 equivalents 
of NaOH and 2-47 milliequivalents of NaOH per gramme of edestin. Twenty 
e.em. of this solution plus appropriate amounts of HCl were diluted to 25 c.em., 
and the refractive index determined against water as a reference. In figure 13 
the results of these experiments are shown. The departure from additivity is 
measured by the divergence of curves I and III, curve III giving the values of 
the refractive indices if the protein and the inorganic constituents of the solu- 
tion were strictly additive, and curve I giving the experimental values. The 
departure from additivity does not exceed 0-00002 units of refractive index. 

Serum albumin was prepared from beef blood serum by electro-dialysis in 
a three-compartment cell. The blood serum was placed in the centre compart- 
ment and distilled water in the two end compartments. The cathode compart- 
ment was separated from the centre compartment by a cellodion membrane, 
while the membrane nearest the anode compartment consisted of cellodion 
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impregnated with casein. The precipitated globulin was removed by centri- 
fuging. The resulting solution of isoelectric albumin was analyzed for nitrogen. 
On the assumption that the nitrogen content of albumin is 15-9 per cent., the 
albumin content of the solution was 0-76 per cent. Twenty c.c. of this solution, 
plus appropriate amounts of acid or base, were diluted to 25 c.c., and the refrac- 
tive indices were determined. The results are shown in figure 14. Curves I 
and II represent the results obtained on adding NaOH and HCl respectively. 
The dilution curves for NaOH and HCl enable one to see the departure from 
additivity in the two cases, which does not exceed 0-00002 units of refractive 
index. 











Milliequivalents of NaOH or HC! per gram of Albumin 


l 
126 128 130 
N x 10° 


Figure 14. 
Titration of Serum Albumin. 
I with NaOH. II with HCl. 


The dilution curves are drawn in for 
convenience in estimating the divergence 
from additivity. 


Kondo (31) attacked the problem of the change in the refractive index of 
a protein with its environment in a slightly different way. His assumption was 
that the refractive index of a protein ion should be different from that of the 
isoelectric protein. From this it would follow that the conclusion of Robertson 
that the refraction of a protein is independent of its environment does not hold. 
While Kondo tacitly assumed that the formation of the protein ion varied with 
the pH he did not interpret his data with this point in mind. To test his 
assumption he used a solution of casein in 0-02 molar NaOH solution containing 
about 7 grammes of nitrogen per litre. This solution was then diluted in steps, 
the refractive index and the pH being determined for each dilution. He then 
sets up the following relations: 
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n—n : ' . 
p= ng =the nitrogen equivalent of refraction. 
p 
=_ - 
po 


in which n and ny are the refractive indices of solution and water, no is the 
value for infinite dilution and a is the degree of dissociation. poo was evaluated 


by plotting » against — where V is the number of litres of solution containing 


1 gramme of nitrogen. a varied from 81 to 89 from V—1-92 to V—30-8. The 
pH varied from 6-38 to 7-02. The extrapolation to pce is not accurate. On the 
basis of his own data the accuracy is not better than 10 per cent., and in view 
of the evidence we have presented the error may be much greater. 

It is probable that Kondo was correct in his assumption that there is a 
change in the degree of dissociation with dilution of a protein salt, but it is 
unfortunate that the pH of his solutions varied so much and that his determina- 
tions of the refractive index were not more accurate. It seems just as logical to 
attribute the observed change in refraction, at least in part, to an increase in 
the formation of protein ion with increase in pH as to attribute it solely to an 
increase in dissociation of preformed protein salt. 

Our results do not contradict those of Robertson, but rather extend his 
findings. His measurements of refractive index were not made with sufficient 


precision to show that there is a difference between the value of ‘ (Robertson’s 


a) for the ion and for the molecule. As we have shown, the difference in the 
value for N of a 0-5 per cent. solution between gelatin and (gelatin)~ probably 


does not exceed 0-0001, and the corresponding difference in N would be only 


Cc 
0-0002. 

The departures from additivity are still less in the case of edestin and of 
serum albumin. The values we have found for N for these proteins are not the 
true values, since no correction has been made for the shift of the interference 
bands. We were interested only in the change of the value of N on the addition 
of acid or base, and not in the absolute value of N. 

The results we have obtained for the dilution and titration curves of acids 
and bases are in accord with the experimental findings of other workers. Our 
interpretation follows the lead of Wasasjerna and Fajans, and is novel in that 
we have worked at lower concentrations and applied our methods to the study 
of amino acids and certain proteins. By studying the behaviour of the solutes 
at low concentrations we have been able to reduce the number of variables, and 
thus to study the effect of ionization when it is the principal factor affecting the 
refractive index. 
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The original data upon which this paper is based are on file in the Univer- 
sity of California Library. 


SUMMARY. 


1. The effects of dilution on the changes in the refractive indices of solu- 
tions of certain typical inorganic and organic acids and of six typical amino 
acids have been followed. 

2. The progress of the neutralization of these compounds by a strong base 
(and in certain cases by a strong acid) has been followed by measurements of 
the refractive indices of the solutions. 

3. A relation between the concentrations of the solute species and the re- 
fractive indices of the solutions has been established, and has been shown to 
account to a large extent for the observed changes in the refractive indices. 

4. By combining this relation with the law of mass action it has been pos- 
sible to account for the changes in refractive index of a solution of an acid upon 
the addition of a strong base to within the experimental error. 

5. The same factors governing the change of refractive indices of solutions 
of amino acids on the addition of a strong acid or strong base are also operative 
in the case of gelatin, edestin, and serum albumin. 

6. The effect of the change from gel to sol upon the refractive index of 
gelatin solutions has been pointed out. 
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PUNTO ISOELETTRICO E COSTANTI DI DISSOCI- 
AZIONE DELLA GLOBINA NATURALE E 
DENATURATA 


di 
M. LAPORTA 


(Dal Laboratorio di Fisiologia della R. Universita di Napoli, diretto dal 
Prof. Fil. Bottazzi). 


(Submitted for publication, October 27, 1931.) 


INTRODUZIONE E SCOPO DELLA RICERCA. 


Diversi Autori si sono oceupati del punto isoelettrico della globina, ma almeno 
per quanto é a mia conoscenza, nessun dato esiste in letteratura circa le costanti 
di dissociazione. 

Osato (1), servendosi di globina preparata secondo il metodo di Strauss e 
Griintzer (2), modificato da Glassner (3), col metodo dell’ optimum di floccula- 
zione trova il punto isoelettrico in corrispondenza di pH = 8-1 + 0-1. Ma ora, 
dopo le ricerche di Hill e Holden (4), e di Holden e Freeman (5), possiamo 
affermare con sicurezza che le ricerche di Osato si riferiscono alla globina de- 
naturata. Della globina non denaturata, preparata secondo il metodo di Hill e 
Holden, si sono oceupati di recente Haurowitz e Waelsch (6), e Roche (7). I 
primi servendosi della elettroforesi e con globina in presenza di puffer di acido 
eacodilico e cacodilato di sodio e di fosfati primario e secondario, trovano il 
punto isoelettrico col primo puffer in corrispondenza di pH = 6-94; col secondo a 
pH = 7:03. 

Roche, infine, servendosi anche egli per la massima parte delle sue ricerche 
della elettroforesi eseguita con la tecnica di Vles e De Coulon (8), e di aleune 
curve di neutralizzazione, trova il punto isoelettrico della globina non denaturata 
di varii animali in corrispondenza di pH = 7-5; mentre quello della globina 
denaturata degli stessi animali corrisponde a pH — 7-6 /7°8. 

Ed essendo la differenza dei punti isoelettrici della globina denaturata e non 
denaturata cosi piccola, 1’Autore non esita a considerarla dell’ ordine di grandezza 
dell’ errore sperimentale. 

I valori di Roche non coincidono, dunque, né con quelli di Osato per la 
globina denaturata, né con quelli di Haurowitz e Waelsch per la non denaturata. 
Roche nota tali divergenze e le spiega, la prima considerando il metodo della 
flocculazione come piuttosto grossolano e la seconda col fatto che Haurowitz e 
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Waelsch si son valsi dei puffer adoperati da Michaelis e Davidsohn (9), mentre 
egli si é servito di NaCl al 99/99 con aggiunta di HCl o NaOH in quantita 
variabili. 

Date queste divergenze, ho creduto interessante istituire delle ricerche; 
e poiché tanto le ricerche di Osato che quelle di Haurowitz e Waelsch sono state 
condotte su globina di bue, ed il dato su globina di questo stesso animale non 
manca nelle ricerche di Roche, mi sono anch’io valso dello stesso materiale. 


TECNICA ED ESPERIMENTI. 


Ho preparato soluzioni di emoglobina, partendo da corpuscoli (di bue) 
lavati con soluzione isotonica fino a scomparsa delle sieroproteine dal liquido 
di lavaggio (prova di Heller), ed emolizzati con 2 volumi di acqua distillata. 
Lasciata riposare per 10/12 ore in frigorifero intorno a 0° C., la soluzione di 
emoglobina ottenuta veniva liberata dagli stromi mediante centrifugazione. 

Da queste soluzioni ho preparato la globina non denaturata, seguendo 
dapprima il meto o di Hill e Holden e quello lievemente modificato di Holden e 
Freeman (5), dopo quello recentissimo di Anson e Mirsky (10), per la denaturata 
e la non denaturata. Quest’ultimo metodo, che mi ha dato risultati soddis- 
facentissimi particolarmente per la globina di bue (11), ha il vantaggio di 
permettere la preparazione di rilevanti quantita di polvere secca di globina acida 
priva del tutto di ematina, dalla quale si pud preparare, quando occorra, globina 
neutra, non denaturata e globina denaturata. Le soluzioni di questa polvere in 
HO hanno un colore giallo miele, molto vicino a quello del siero di sangue. 

Di questa polvere acida di globina si preparavano soluzioni al 5% cirea in 
acqua a 0° C., che venivano poste a dializzare in tubi di collodio della capacita 
di 90 ¢.c., contro aequa distillata per 48 ore circa, poi contro acqua di fonte per 
24 ore ed, infine, nuovamente contro acqua distillata.1 L’apparato dializzante 
per tutta la durata della dialisi era tenuto in frigorifero intorno a 0° C., e l’acqua 
veniva cambiata di frequente con altra previamente raffreddata. Formatosi il 
precipitato di globina denaturata nei tubi di collodio, veniva separato per filtra- 
zione, sempre a 0° C., dalla globina rimasta in soluzione; e seinun campione di 
quest’ultima, portato a 0-4 di saturazione con (NH4).2 SO, non si notava 
intorbidamento dovuto alla presenza ulteriore di globina denaturata, la soluzione 
veniva adoperata per la ricerca; nel caso opposto essa veniva posta nuovamente 





1 Ho intercalato a due periodi di dialisi contro acqua distillata un breve periodo di dialisi 
eon acqua di fonte per ottenere completa eliminazione dell’HCl. Quando si dializza con acqua 
distillata, 1,HCl dapprima diffonde velocemente, poi sempre pid lentamente, tanto che per 
ottenere la sua completa eliminazione bisognerebbe protrarre la dialisi molto a lungo, il che, 
per ragioni evidenti, non conviene. Anson e Mirsky (10) dopo una breve dialisi in acqua 
distillata consigliano di far seguire una dialisi in puffer di fosfati a pH=9 circa. Io ho 
trovato molto pit conveniente alla dialisi in fosfati sostituire quella con acqua di fonte che pud 
essere considerata anch’essa come un debole puffer di acido carbonico, carbonati e bicarbonati 
(Yacqua di condotta di Napoli ha un pH=8-2—8-3), sia perché in tal modo il periodo della 
seconda dialisi in acqua distillata pud essere molto abbreviato, sia perché, per la elettrotitol- 
azione é molto meno nocivo che nella globina restino tracce di carbonati e bicarbonati, anziché 
tracce di fosfati. 
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a dializzare. Ottenevo cosi soluzioni di globina non denaturata dell’ 1/1-6%. 
Occorrendomi concentrazioni pit forti, precipitavo a 0° C. con (NH4)2SO,4 a 
saturazione la globina non denaturata, la ridiscioglievo in poca acqua distillata 
rafireddata e la dializzavo fino a scomparsa del (NH4)2SO,4 (reazione con 
BaCl, ). 

Se la soluzione acida di polvere di globina di bue viene neutralizzata con 
NaOH n/10, ed a temperatura ordinaria, tutta, o quasi, la globina presente viene 
denaturata e precipita alla neutralita. Di questo precipitato, lavato abbondante- 
mente sul filtro con acqua distillata, ridisciolto in NaOH n/10 o in HCl n/10 mi 
son servito per le ricerche sulla globina denaturata. Inoltre, come ho potuto 
constatare (11) essendo il precipitato di globina denaturata solubile in soluzioni 
concentrate di urea, di salicilato e di benzoato di sodio, ho preparato soluzioni di 
tal genere, che ho dializzate fino alla seomparsa dei detti elementi dal liquido 
dializzante. Il precipitato di globina veniva ridisciolto in HCl n/10 0 NaOH 
n/10. Ho eseguito curve di elettrotitolazione anche con globina denaturata 
sciolta in urea dal 25 al 40% e di questo mi oceuperd pit diffusamente in seguito. 

Per determinare nelle soluzioni la concentrazione di globina non denaturata, 
precipitavo questa mediante ebollizione per pochi minuti in presenza di NaCl, 
raccoglievo accuratamente il precipitato su filtro di vetro strettissimo, lo lavavo 
abbondantemente con acqua distillata bollente prima, poi con alcool caldo, poi 
con etere; infine seccavo alla stufa a 100° C. e pesavo fino e peso costante. Le 
soluzioni di globina denaturata invece venivano titolate prelevando un campione 
di precipitato, prima di ridiscioglierlo in HCl o in NaOH o in urea, pesandolo 
in pesafiltri tarato e portandolo a secchezza a 100°, fino a peso costante. Tutte le 
soluzioni, fino al momento dell’uso erano mantenute in frigorifero intorno a 0°C. 

La elettrotitolazione é@ stata eseguita con elettrodo ad idrogeno contro 
elettrodo a calomelano saturo ed a temperatura ambiente, mantenuta pressoché 
costantemente intorno a 18°C. Le misure di potenziale sono state fatte con un 
potenziometro di alta precisione costruito dalla Land- und Seekabelwerke di 
K6éln-Nippes, e si sono ritenuti come costanti i valori a + 0-2 millivolta, letti 
dopo aver interrotto la corrente di idrogeno. L’aggiunta di NaOH n/10 o di 
HCl n/10 era fatta a mezzo di microburette tarate alla temperatura di 20°C. 
L’apparato in cui veniva fatta la elettrotitolazione era, all’ inizio e dopo ogni 
aggiunta di acido o di base, sottoposto ad una lenta agitazione meccanica. 

Il volume di soluzione di globina non denaturata messo in esperimento é 
stato sempre di 25 ¢.c. Da ogni curva di elettrotitolazione veniva ricavata quella 
del potere puffer, calcolando i valori della tangente per ogni punto della curva, 
secondo la nota formola di Van Slyke (12) tg ir 

Riporto qui in breve tabella i valori di minimo potere puffer corrispondenti 
al punto isoelettrico ed i valori di massimo potere puffer corrispondenti al pKa 
ed al pK» della globina non denaturata. 
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TABELLA 1. 


Cone. iniziale 
della proteina 
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Come esempio riporto nella Tabella 2 i dati di una curva di elettrotitola- 
zione e i valori della tangente relativi; i dati di questa si riferiscono allo esperi- 
mento No. 6 della tabella precedente. Con essi é stato costruito il diagramma I, 
in cui figurano la curva di elettrotitolazione e quella relativa del potere puffer. 

Nella Tabella III sono raccolti i dati di 8 esperimenti eseguiti con globina 
denaturata. Di questi alecuni sono stati eseguiti con globina ottenuta mediante 
sola precipitazione e ridissoluzione in HCl n/10; altri con globina denaturata 
sciolta in urea al 40%, riprecipitata per dialisi e ridisciolta in NaOH n/10 
(No. 7) oin HCl n/10 (No. 8). 


TABELLA 2. 
Globina non denaturata di bue all’ 1°-542%. A 18° C. 


dB in tg dB in 

mpH millimol dpH «10-5 pH mpH wmillimol <dpH 
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11-99 0-10 0- 9-09 7-33 
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TABELLA 3. 


Cone. iniziale 
della proteina 
g% 
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Anche di questi esperimenti, riporto in tabella i dati di una curva di 
neutralizzazione e del potere puffer, riferentesi all’ esperimento 1 della Tabella 
3, e il relativo diagramma (2). 


TABELLA 4. 


25 c.c. di soluztone di Globina denaturata di bue all’ 1-583% in NaOH n/10. 
A. 18° C. 


dB in tg dB in tg 
pH mpH millimol dpH xX10—-5 pH mpH __millimol X10—5 


12-13 (8-65) 
12-11 0-100 04 25-00 +025 . 0-53 

8-18 

12-06 0-100 06 16-66 025 . -58 
7-75 

11-98 0-100 08 11-11 +57 
7-40 
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Negli esperimenti precedenti, pur non essendo rilevanti gli scarti nei valori 
della prima cifra decimale dei punti isoelettrici, si notano tuttavia variazioni 
che vanno da un minimo di 8-27 ad un massimo di 8-51. Cid é dovuto principal- 
mente al fatto che col titolare una soluzione acida di globina denaturata, con 
NaOH e viceversa, accade che, iniziandosi la precipitazione della proteina e 
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diventando questa sempre pi intensa a mano a mano che il pH s’approssima al 
punto isoelettrico, la lettura del potenziale si renda molto difficoltosa a causa 
della instabilita del sistema. Ad evitare questo inconveniente ho eseguito una 
serie di curve di elettrotitolazione con globina denaturata siolta in urea (solu- 
zioni in acqua al 25-30 e 40%). Ho operato oltre che con globina denaturata di 
bue, anche con quella di cavallo, maiale e cane. In queste condizioni non si ha 
precipitazione in corrispondenza del punto isoelettrico e le letture del potenziale 
possono esser fatte molto pit: agevolmente. 

Queste soluzioni misuravano un pH iniziale di 7-3 = 7-9. Nella Tabella 5 
sono raccolti i dati di questi esperimenti. 
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TABELLA 5D. 
Cone. iniziale 

No. Animale della proteina Urea 

esper. g% g% pk, pi pK, 
1 Bue 1-432 40 ? 8-34 10-21 
2 Bue 3-286 30 ? 8-30 10-41 
3 Cavallo 2-270 30 6-59 8-32 ? 
4 Cavallo 2-350 25 6-57 8-48 10-40 
5 Maiale 1-823 30 6-50 8-38 ? 
6 Maiale 1-963 30 6-54 8-43 10-54 
7 Cane 2-167 30 6-60 8-31 10-10 
8 Cane 1-682 30 6-60 8-37 10-56 

media 8-36 


TABELLA 6. 


25 c.c. di globina denaturata di cavallo al 2-35% in urea al 25%. A 18° C. 


dB in tg dB in tg 
pH mpli millimol dpH xX 10—-5 pH mpH millimol dpH x 10-5 
12-05 (8-72) 
12-03 0-10 0-04 25-00 8-48 0-05 0-47 1-06 
12-01 8-25 
11-98 0-10 0-05 20-00 8-04 0-05 0-42 1-19 
11-96 7-83 
11-92 0-10 0-07 14-28 7-67 0-05 0-32 1-56 
11-89 7-51 
11-85 0-10 0-07 14-28 7-36 0-05 0-29 1-72 
11-82 7-22 
11-78 0-10 0-08 12-50 7-07 0-05 0-29 1-72 
11-74 6-93 
11-68 0-10 0-11 9-09 6-80 0-05 0-25 2-00 
11-63 6-68 
11-57 0-10 0-11 9-09 6-57 0-05 0-22 2-27 
11-52 6-46 
11-45 0-10 0-13 7-69 6-32 0-05 0-27 1-85 
11-39 6-19 
11-35 0-05 0-07 7-14 6-05 0-05 0-28 1-78 
11-32 5-91 
11-28 0-05 0-07 7-14 5-76 0-05 0-29 1-72 
11-25 5-62 
11-21 0-05 0-08 6-25 5-48 0-05 0-28 1-78 
11-17 5-34 
11-13 0-05 0-08 6-25 5-20 0-05 0-28 1-78 
11-09 5-06 
11-05 0-05 0-08 6-25 4-91 0-05 0-29 1-72 
11-01 4-77 
10-97 0-05 0-08 6-25 4-64 0-05 0-26 1-92 
10-93 4-51 
10-88 0-05 0-09 5-55 4-41 0-05 0-20 2-50 
10-84 4-31 
10-79 0-05 0-09 5-55 4-23 0-05 0-15 3-33 
19-75 4-16 
10-70 0-05 0-09 5-55 4-09 0-05 0-13 3-84 
10-66 4-03 
10-61 0-05 0-10 5-00 3-92 0-05 0-21 2-38 
10-56 3-82 
10-50 0-05 0-11 4-54 3-70 0-10 0-24 4-16 
10-45 3-58 
10-40 0-05 0-10 5-00 3-46 0-10 0-23 4-34 
10-35 3-35 
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dB in tg dB in tg 

pH mpH _millimol dpH xX10—5 pH mpH_ wmillimol dpH x 10—5 

10-29 0-05 0-12 4-16 3-26 0-10 0-17 5-88 
10-23 3-18 

10-15 0-05 0-15 3-33 3-10 0-10 0-16 6-25 
10-08 3-02 

10-01 0-05 0-14 3-37 2-96 0-10 0-12 8-33 
9-94 2-90 

9-86 0-05 0-15 3-33 2-77 0-20 0-26 7-69 
9-79 2-64 

9-69 0-05 0-19 2-63 2-53 0-20 0-22 9-09 
9-60 2-42 

9-49 0-05 0-22 2-27 2-33 0-20 0-17 11-76 
9-38 2-25 

9-21 0-05 0-28 1-78 2-20 0-20 0-09 22-22 
9-05 2-16 

8-88 0-05 0-33 1-51 2-08 0-20 0-16 12-50 


2 


8-72 2-00 


Riporto come terzo esempio nella tabella 6 i valori delle curve di elettrotitola- 
zione e del potere puffer e il relativo diagramma (3) di un esperimento con 
globina denaturata di ecavallo. I dati si riferiscono all’esperimento No. 4 della 
Tabella 5. 


DISCUSSIONE DEI RISULTATI. 


Dai dati riportati nelle tabelle risulta che il punto isoelettrico deila globina 
non denaturata varia da pH = 7-21 a pH = 4-40 con un valore medio, su 7 
esperimenti, di pH = 7-33; quello della globina denaturata oscilla fra pH = 8-27 
e pH = 8-48, con una media di pH = 8-37 (media di 8 esperimenti). 

E’ da notare, che sulle curve di elettrotitolazione, e meglio ancora su quelle 
del potere puffer, riesce molto pit facile individuare il punto isoelettrico che non 
quelli corrispondenti alle costanti di dissociazione. Tuttavia 1’individuazione 


di questi deve ritenersi sufficientemente precisa, perché se nella nota formola 


[H]* = im, Bw o nell’altra, che esprime la precedente in forma logaritmica 


pKa + pKw— pK» 
pH = 9 





si sostituiscono a pKa e pK» i valori medii sperimen- 


talmente trovati e con essi si calcola il punto isoelettrico, si ottiene un valore 
identico a quello letto direttamente sulle curve. Difatti, poiché le misure sono 
state eseguite a 18° C., ed a questa temperatura pKw = 14-13, si ha: per la globina 
non denaturata: 

. 6-34+ 14-13— (14-13 — 8-30) 14-64 

pl = = 
2 2 

e per quella denaturata : 

. 6-53 + 14-13 — (14-13 — 10-27) 16-80 





=7-32 





8-40. 


Donde risulta che i valori cosi caleolati differiseono da quelli letti sulle curve, il 
primo di solo 0-01, e il secondo di 0-03 pH. 
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I miei dati sul punto isoelettrico delle due forme di globina non coincidono 
con quelli degli Autori innanzi citati, come risulta dal seguente quadro: 


Globina Haurowitz e Waelsch pH —6-94/ 7-03 


naturale Roche “ 7-5 /7°6 

Laporta mn 7-21 / 7-40 (media a pH = 7-33) 
Globina Osato pH =8:-0 /8-1 
denaturata Roche = 7-6 /7°8 

Laporta " 8-27 / 8-48 (media a pH = 8-37). 


Non é agevole dare una spiegazione a queste divergenze, per quanto io pensi 
che, fra i miei dati e quelli di Haurowitz e Waelsch e di Osato, le divergenze 
possano esser dipese dall’uso fatto da parte di questi Autori di sistemi puffer, che, 
come é noto, a seconda della loro natura, possono far variare il punto isoelettrico 
della proteina. 

La divergenza poi coi dati di Roche io sospetto derivi dal fatto che questo 
Autore ha sperimentato non con una soluzione pura di globina non denaturata, o 
con proteina del tutto denaturata, ma con una mescolanza di esse. Difatti prepar- 
ando la globina non denaturata col metodo di Hill e Holden, non si ha certezza di 
ottenerne soluzioni pure; e basta a tal proposito citare le parole stesse di questi 
autori: ‘‘The ox globin thus obtained contained up to 2% of methemoglobin.’’ 
E non solo di metemoglobina, ma anche di globina denaturata risulta impura la 
soluzione preparata secondo il metodo suddetto, poiché, come é stato dimostrato 
da Anson e Mirsky, e come io stesso ho potuto controllare, la globina denaturata 
persiste a mantenersi in soluzione fino al 40% di saturazione con (NH4)2SOx4. 

Quanto alla preparazione della globina denaturata, Roche si attiene allo 
stesso metodo, prolungando solo |’adsorbimento dell’ ematina acida con kieselguhr 
per 2 ore e a 0°C, ed in presenza di ‘‘etere ordinario.’’ L’agente denaturante 
sarebbe dunque rappresentato in particolar modo dalle tracce di alcool contenuto 
nell’ etere comune; ma le ricerche di Wu (13) hanno dimostrato che, operando 
a 0°, persino col classico metodo di Schulz (14), nel quale 1l’aleool si adopera 
tutt’altro che in tracce, é¢ possibile ottenere globina non denaturata e in discreta 
quantita. 

Dato cid, nelle mie ricerche, per essere sicuro di operare su una proteina 
completamente denaturata, ho eseguito le curve di elettrotitolazione non solo con 
globina sciolta in urea, ma anche con quella sciolta dapprima in urea, ripre- 
cipitata per dialisi, e ridisciolta infine in HCl o NaOH; e stando ai risultati da 
me ottenuti, non posso convenire col Roche che le due forme di globina abbiano 
identico punto isoelettrico. D’altra parte, in letteratura di esempi di proteine, 
in cui la denaturazione comporta un cospicuo spostamento del punto isoelettrico 
verso l’alealinita, ve n’é un altro (il solo per quel che io sappia) ed é quello 
della sieroalbumina. Michaelis e Davidsohn (15) hanno dimostrato che il punto 
isoelettrico di questa proteina si porta da pH = 4-7 a pH = 5-4 quando la si 
denaturi col ealore. I] caso della globina sarebbe allora il secondo. 
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Dalle mie ricerche risulta ancora che il punto isoelettrico della globina 
denaturata é sempre lo stesso, sia che si tratti di globina di bue, di cavallo, di 
maiale o di cane, oscillando i valori per le globine di questi ultimi animali entro 
i limiti in cui oscilla il punto isoelettrico della globina denaturata di bue (ved. 
Tabelle 3 e 5). Appare verosimile allora che anche i punti isoelettrici delle 
rispettive globine naturali debbano essere identici. Ho eseguito per altro una 
curva di elettrotitolazione su globina non denaturata di cavallo, due su globina di 
maiale, una su quella di cane ed i valori trovati sono rispettivamente a 
pH — 7:28; pH —7-21 e pH = 7-30; pH =7:36. Il che dimostra che questi 
valori rientrano nei limiti segnati da quelli riportati nella tabella 1. 

Quanto alle titolazioni eseguite in presenza di urea a forti concentrazioni, 
risulta evidentissima la concordanza fra il punto isoelettrico cosi determinato con 
quello risultante dalle curve condotte con globina denaturata sciolta semplice- 
mente in acido od in aleali. Vero é che lievemente piii ampii sono i limiti entro 
cui oscillano i valori di pKa, e specialmente quelli di pK»; ma in compenso 
relativamente pit ristretti sono i limiti entro cui oscilla il punto isoelettrico. 

Degli inconvenienti che possono derivare dall’uso dell’urea un questo genere 
di ricerche, il primo é che essa in soluzione fortemente alcalina, anche a tem- 
peratura ambiente, si decompone liberando ammoniaca; ma questa, anche se si 
produce in forti quantita e per valori di pH intorno a 9/12, viene facilmente 
scacciata dalla corrente di idrogeno e, ad equilibrio dell’elettrodo raggiunto, non 
rimane practicamente traccia di essa. Altro inconveniente potrebbe essere il 
fatto che, essendo l’urea una base debolissima (K — 1-5 * 10-14), l’aggiunta 
di HCl, acido forte, determini la formazione del ralativo cloruro; ma questo si 
trovera fortemente dissociato come sale acido e con dissociazione praticamente 
identica a quella dell’ HCl stesso a quella concentrazione. 

Ma poiché, come s’é visto, la zona di pH che interessa per la ricerca del 
panto isoelettrico della globina denaturata é quella compresa fra pH —7 e 
pH = 9, tenuto conto che il pH iniziale della soluzioni di globina in urea si @ 
dimostrato compreso fra pH = 7:3 e pH = 7:9 lontano cioé di poco dalla 
neutralita e dal punto isoelettrico, non tenendo conto dei valori di pKa e pKp, 
zone in cui effettivamente potrebbero intervenire gli inconvenienti sopra denun- 
ciati; si pud concludere che l’urea anche a forti concentrazioni, pud essere 
adoperata senza danno in questo genere di ricerche e specialmente quando si 
voglia esser sicuri di avere da fare con una proteina effettivamente denaturata. 

L’urea, per altro, presenta dei vantaggi indiscutibili, quali quello di evitare 
la precipitazione della proteina denaturata al suo punto isoelettrico e dato il suo 
forte potere solvente, l’altro non indifferente di poter operare su soluzioni molto 
concentrate in proteina. 














PUNTO ISOELETTRICO DELLA GLOBINA 


CONCLUSIONI. 


Sono state eseguite ricerche di elettrotitolazione su globina denaturata e non 
denaturata. Dalle curve ottenute si rilevano i seguenti fatti: 

1. Il punto isoelettrico della globina naturale di bue ¢ a pH = 7-33 ed é@ 
verosimilmente identico a quello delle globine naturali di cavallo, di maiale e 
di cane; 

2. Il punto isoelettrico della globina denaturata di bue ¢ a pH —8-37 e 
resulta identico a quello delle globine denaturate di cavallo, maiale e cane; 

3. Le costanti di dissociazione acida e basica della globina naturale di bue si 
trovano rispettivamente a pH = 6-34 e pH = 8-30; mentre quelle della globina 
denaturata si trovano rispettivamente a pH — 6-53 e pH = 10-27; 

4. I punti isoelettrici calcolati coi valori di pKa e pK» per la globina naturale 
e denaturata di bue confermano quelli direttamente letti sulle curve di elettro- 
titolazione e del potere puffer ; 

5. L’urea, entro certi limiti, pud essere adoperata quale solvente delle pro- 
teine denaturate nelle curve di elettrotitolazione. 
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KRITISCHE FLUSSIGKEITSGEMISCHE BETRACHTET 
ALS KOLLOIDE EMULSOIDE 


von 
WOLFGANG OSTWALD 


(Submitted for publication, May 27, 1931.) 


1. Im Jahre 1910 veréffentlichte 7. B. Robertson in der Kolloid-Zeitschrift 
(Bd. 7, 7) eine Arbeit iiber Olemulsionen, die trotz ihrer Kiirze zu den meist 
citierten Abhandlungen iiber diesen Gegenstand gehért. Aber nicht nur ‘‘grobe 
Dispersionen’’ von der Zusammensetzung fliissig waren Gegenstand des viel- 
seitigen Interesses dieses Forschers. So interessierten ihn auf das Lebhafteste 
die Anomalien, welche molekulare biniare Fliissigeitsgemische von der Art 
Propylalkohol— Wasser nach den Untersuchungen von S. U. Pickering (8) bei 
Versuchen in der osmotischen Zelle zeigten. TJ. B. Robertson deutete diese 
Erscheinungen, ahnlich wie J. H. Poynting durch die Annahme der Bildung von 
relativ gross dimensionierten Solvaten (9). Desgleichen kam 7. B. Robertson in 
den unvergesslichen ‘‘kalifornischen Nachten’’, die der Verfasser mit diesem 
Altersgenossen und Kollegen in den Jahren 1903-6 in Jacques Loeb’s Labora- 
torium hindurchdiskutierte, immer wieder auf die Frage nach der ‘‘Natur’’ der 
kritischen Fliissigkeitsgemische zu sprechen, jener eigentiimlichen Systeme 
zwischen grobdispersen und molekulardispersen fliissig-fliissigen Gemischen 
oder ‘‘Emulsoiden’’. Der Verfasser glaubt, dass die nachfolgend beschriebenen 
Versuche das Interesse 7. B. Robertson’s gefunden hiatten. Méchten sie nun 
aufgefasst werden als ein Versuch, das Andenken dieses reichen Geistes auch von 
dieser Seite aus zu ehren. 

2. Die neuere Entwicklung hat zu der Erkenntnis gefiihrt, dass das Grund- 
prinzip des sogenannten kolloiden Zustandes eine Dimensionsangelegenheit ist. 
Die Mehrzahl der Forscher ist heute der Ansicht, dass jeder beliebige Stoff die 
wesentlichen Eigentiimlichkeiten des kolloiden Zustandes zeigen wiirde, wenn er 
zu Partikeln zerteilt wird, deren Durchmesser zwischen Lichtwellenlange (ca. 
500 mz) und molekularen Dimensionen (<mp—10—7 em.) liegt. In einer 
klaren z.B. 80° C. warmen Lésung von Phenol in Wasser haben wir zweifellos 
molekulare Diskontinuitaéten vor uns d.h. Partikel von < 1mp Durchmesser. 
Erhalten wir bein Abkiihlen eine weisse milchige Emulsion, so zeigt schon das 
Mikroskop, dass wir hier grobdisperse Diskontinuitaéten haben mit Teilchen- 
gréssen von mehr als Lichtwellenlange. Bei den besonderen Temperaturen und 
Konzentrationen, die wir kritische nennen, entstehen nun Systeme, die schon 
ausserlich betrachtet eine Mittelstellung zwischen den genannten zwei extremen 
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Zustanden einnehmen. Sie zeigen keine milchige Triibung, wohl aber eine 
ausgesprochene Opalescenz mit der charakteristischen Zweifarbigkeit: gelblich 
bei Durchsicht, blaulich bei Aufsicht. Trotzdam zeigt die mit dem gewoéhnlichen 
Mikroskop ausgefiihrte optische Untersuchung solcher kritischer Triibung k eine 
Einzelteilchen (Ch. Fiichtbauer (2)). Wir finden diese Opalescenz weit ver- 
breitet bei typisch kolloiden Systemen z.B. bei vielen Eiweisslésungen, die 
ebenfalls mit dem gewéhnlichen Mikroskop nicht differenzierbar sind. Die 
Annahme liegt nahe, dass diese kritischen Fliissigkeitsgemische Durchgangs- 
stadien darstellen zwischen molekulardispersen und grobdispersen fliissig- 
fliissigen Systemen, die gerade die mittleren kolloiden Dimensionen aufweisen. 

3. Fiir diesen schon vor langerer Zeit gezogenen Schluss (7) ist im Laufe der 
Jahre mannigfaches Beweismaterial zusammengekommen. Schon D. Konowalow 
(3) machte darauf aufmerksam, dass im kritischen Gebiet der Dampfdruck 
innerhalb eines ansehnlichen Konzentrationsbereiches fast unabhangig von der 
Konzentration ist, ganz analog den Befunden von G. Tammann (12) bei Gelatine, 
Gummi arabicum u.s.w. Die Opalescenz hielt Konowalow allerdings in beiden 
Fallen fiir eine zufallige, auf Staub beruhende Erscheinung. Dass diese Opal- 
escenz eine gesetzmissige, dem reinen System eigentiimliche Erscheinung ist, 
zeigten zahlreiche Messungen ihrer Intensitaét und deren reproduzierbare Abhin- 
gigkeit von Temperatur und Konzentration.! In gleicher Weise hat sich eine 
eingehende mathematische Theorie dieser Opalescenz entwickelt (M. von 
Smoluchowski, A. Einstein, W. H. Keesom, L. 8. Ornstein und F. Zernicke, C. V. 
Raman u.a.), die vielfach experimentell gut bestiatigt werden konnte.2 In diesen 
Theorien wird die Opalescenz als ein kinetischstatistisches Problem behandelt ; 
sie entsteht als die Folge dauernder lokaler oder disperser Schwankungen der 
Dichte bezw. der Konzentration. Fragt man nach den linearen Dimensionen 
dieser dispersen verginglichen Anhiufungen, so gelangt man theoretisch nach 
L. 8S. Ornstein und Zernicke (5) zu Aggregaten von etwa 2-3 mp oder auch 
10-100 molekularen Wirkungsradien. Nun ist experimentell von W. von Lep- 
kowsky (4) gezeigt worden, dass eine ganze Reihe kritischer Fliissigkeitsgemische 
sich ultramikroskopisch insofern auflésen lassen, als diese Gebilde ein 
intensiv ‘‘ flimmerndes’’ Gesichtsfeld ergeben, in dem sich die Einzelteilchen noch 
nicht individuell erkennen lassen. Obige theoretisch abgeleitete Dimensionen wiir- 
den dieser Beobachtung entsprechen; man pflegt die ultramikroskopische Sicht- 
barkeitsgrenze bei etwa 5 mp anzunehemen: Im Ubrigen sei darauf hingewiesen, 
dass die kinetisch-statistische Theorie der Opalescenz sicherlich nicht als die 
einzig moégliche Theorie erscheint, und dass z.B. fiir die experimentell sehr 
ahnliche Opalescenz in festen Systemen (Milchglas) die kinetisch-statistische 
Theorie offenbar nicht am Platze ist. 





1 Vergl. z.B. die Monographie von J. Cabannes, La diffusion moléculaire de la lumiére, 
Paris, 1929, deren Literaturverze ichnis allerdings unvollstandig ist. 


2 Vergl. z.B. Wo. Ostwald, Ann. d. Physik, 36 (1911), 848. 
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Weitere Analogien fiihren insbesondere zu der Annahme einer engen Ver- 
wandtschaft zwischen kritischen Fliissigkeitsgemischen und den sog. ly op hi- 
len Kolloiden. Letztere sind gekennzeichnet durch eine besonders starke Fliis- 
sigkeitsbindung oder Solvatation, ein Ausdruck besonders intensiver Kraftfelder 
der Teilchen auf ihr Medium. Nach J. Perrin kann etwa ein Gelatineteilchen 95 
und mehr Prozent Wasser enthalten. Es ist einleuchtend, dass derartig fliissig- 
keitsreiche Teilchen in mancher Beziehung insgesamt die Eigenschaften eines 
fliissigen Trépfchens zeigen worden Der Name ‘‘Emulsoid’’ riihrt von dieser 
Tatsache her. Kennzeichnend fiir solehe Kolloide sind u.a. folgende Erschein- 
ungen : 

Relativ grosse Stabilitat gegeniiber Neutralsalzen. Auch kritische Fliissig- 
keiten werden nur durch sehr konzentrierte Neutralsalzlésungen ‘‘ausgesalzen”’ 
d.h. zum Verschwinden gebracht; es tritt sofort grobdisperse Entmischung auf; 
V. Rothmund (10). 

Es gilt fiir letzteren Effekt wie fiir die Aussalzung z.B. von Gelatinesolen 
annahernd die Hofmeister’ sche Jonenreihe. Li Cl hat z.B. eine kleine, NagSO, 
eine starke Wirkung.® 

Stark solvatisierte Sole z.B. Gelatine zeigen nur schwache elektrophoretische 
Wanderung. Nach J. Friedlinder (1) werden kritische Fliissigkeitsgemische 
auch bei Spannungen von 3,200 Volt nicht merklich zerlegt. 

Zahlreiche solvatisierte Kolloide wie Eiweiss, Seifen ete. pflegen beim 
Schiitteln zu schaumen. Auffalligerweise schiumen auch kritische Fliissigkeits- 
gemische leicht und stark (Wilh. Ostwald (6), J. Friedlander, V. Rothmund 
U.s.W.) 

Wassrige stark solvatisierte Sole zeigen Viskositaétsanomalien z.B. sehr hohe 
Konzentrations und Temperaturkoeffizienten der Viskositét. Ahnliche Viskosi- 
tatsanomalien finden wir auch bei kritischen Fliissigkeitsgemischen. Normale 
Flissigkeiten und ihre Gemische werden weniger viskés bei steigender Temper- 
atur. Ein kritisches Fliissigkeitsgemisch von 37-5% Isobuttersiure-Wasser zeigt 
aber zwischen 23° und 26° einen erheblichen Anstieg der Viskositaét mit 
steigender Temperatur, gerade in dem Gebiet, in dem die Opalescenz (kurz 
vor dem Klarwerden) am starksten ist (V. Rothmund 1.c.). Bei weiterer Temper- 
atursteigerung fallt die Viskositét rapid; es sind z.B. Temperaturkoeffizienten 
von 40% pro Grad beobachtet worden (J. Friedlinder 1.c.), d.h. Abnahem, welche 
an die Verfliissigungserscheinungen von Gelatinegallerten erinnern. Ahnliche 
Effekte zeigen kleine Anderungen der Zusammensetzung, falls wir in der Nahe 
der kritischen Konzentrationen sind. Die Viskositaét zeigt ein scharfes Maximum 
in opalescenten Gebiet. Bei etwa 20° ist die relative Viskositat von Isobuttersiure 
1-46, diejenige des kritischen Gemischas aber > 3-7 (J. Friedlander l.c.). 

4. In neuerer Zeit ist nun bei solvatisierten Kolloiden eine besondere 





3z.B. auf die Aussalzung einer 39-5% igen Lésung von Propylalkohol in Wasser; vergl. 
V. Rothmund, Léslichkeit (Leipzig, 1907), s. 161. 
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Viskositaétsanomalie vielfach untersucht worden, die jetzt meist mit dem Namen 
“Strukturviskositat’’ bezeichnet wird. Solche Sole gehorchen nicht mehr 
dem Hagen-Poiseuille’ schen Gesetz; ihre Viskositatskonstante ist nicht un- 
abhangig vom Druck, genauer von der Schergeschwindigkeit der strémenden 
Fliissigkeit. Gelatinesole erscheinen z.B viskéser bei langsamem Fliessen als bei 
schnellem. Die grosse Verbreitung dieser Viskositaétsanomalie speziell bei sol- 
vatisierten Systemen ist durch die Arbeiten von R. Hess, E. Hatschek u.a. und 
besonders eingehend vom Verfasser und seinen Mitarbeitern gezeigt worden.* Es 
erhebt sich die Frage, ob vielleicht auch kritische Fliissigkeitsgemische diese 
spezielle Viskositaétsanomalie zeigen. 

Fiir grobere Emulsionen hat vor kurzem J. O. Sibree (11) in der Tat diese 
Anomalie nachgewiesen. Freilich sind diese Dispersionen von etwas verwickelter 
Zusammensetzung: Paraffinél + Bromoform in Na-Oleat-Wasser. Die Natrium- 
oleatlésungen allein zeigten nach besonderen Versuchen keine Strukturvis- 
kositat. Man kénnte hier den Einwand machen, dass Na-Oleat in 
adsorbiertem Zustand die mechanischen Eigenschaften von gallertartigen 
Hautchen zeigen kénnte, entsprechen der Tatsache, dass eine 0-1%ige Pepton- 
lésung zwar keinerlei Strukturviskositat wohl aber ausgesprochene Membranbil- 
dung in Adsorptionsschichten zeigt. Es bleibt also noch durchaus Platz fiir die 
Frage, ob einfachere und typischere emulsoide Systeme von der Art der kritischen 
Fliissigkeiten den Effekt ebenfalls zeigen. 

Dies ist nun tatsachlich der Fall, wie der Verfasser zusammen mit Herrn 
Malss festgestellt hat. Die Erscheinung war garnicht so leicht zu finden wegen 
der Enge des eigentlichen kritischen Gebietes in bezug auf Konzentration und 
Temperatur. Als Apparatur diente ein etwas modifizierter Tsuda-Viskosimeter 
(13). Nachfolgende Tabelle und Figur zeigt als Beispiel zwei Messungsreihen 
an dem kritisechen Gemisch Hexan-Methanol. Analoge Effekte wurden gefunden 
z.B. an Isobutterséure-Wasser. Ausfiihrlichere Daten werden in der Koll.- 
Zeitschr. veréffentlicht werden. 

Man sieht, wie die relative Viskositaét bei grossen Drucken (bei denen die 
Messungen begonnen wurden) praktisch unabhingig von der Fliessgeschwindig- 
keit ist. Beietwa 25mm. Hg. (und der gegebenen Kapillarweite 0-488 mm.) beginnt 
indessen ein stetiger Anstieg der Viskositat, der bei Drucken unterhalb 5mm. Hg. 
ausserordentlich steil wird. Dies ist das typische Verhalten von solvatisierten 
Solen mit Strukturviskositét. Eine 0-5%ige Gelatinelésung zeigt ebenfalls, nur 
schon bei héheren Drucken einen solchen Anstieg. 

Es ergiebt sich also, dass diese ganz besonders eindeutig und scharf definier- 
ten emulsoiden Systeme auch dieses Kennzeichen von Solen von der Art etwa der 
Gelatine besitzen. Die Analogien zwischen beiderlei Systemen werden hiermit 
um eine weitere wichtige vermehrt. 








4 Literatur vergl. z.B. Koll.-Zeitschr., 43, s, 155 ff (1927). 











I; t=33-9° C. 

Druck Rel. Viskositit 
P=mm. Hg. 7=P/Vol. 
2-7 966-9 
4-1 369-0 
5-5 278-2 
6-3 253-3 
7-7 238-7 
8-5 215-5 
9-9 208-6 
11-8 202-4 
13-5 198-2 
15-7 189-2 
17-7 186-4 
19-8 182-8 
22-1 177-2 
25-2 176-4 
31-8 173-0 
42-4 167-5 
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Strukturviskositat des kritischen Gemisches von Hezxan-Methanol. 


II; t—34-0° C. 
Rel. Viskositat 


1=P/Vol. 


910- 
428- 
338- 
281- 
264- 
237- 
232- 
217- 


203 


193- 
192- 
187- 
183- 
178- 
172- 
171- 
168- 


167- 


ORARISHAKHOARS 


7 


to - 


Oo; 



































WOLFGANG OSTWALD 


ZUSAMMENFASSUNG. 


1. Es wird eine kurze Zusammenfassung der bisher bekannten physikalisch- 
chemischen und kolloidchemischen Beziehungen zwischen lyophilen Kolloiden 
und kritischen Fliissigkeitsgemischen gegeben, im Sinne der Auffassung ersterer 
als ‘‘emulsoide’’ Systeme. 

2. Es wird eine neue, ziemlich auffallige Analogie experimentell gefunden 
und zahlenmissig exemplifiziert: Kritische Fliissigkeitsgemische (z.B Hexan- 
methanol, Isobutterséure-Wasser) zeigen wie etwa Gelatinelésungen das Phano- 
men der Strukturviskositaét: Ungiiltigkeit des Hagen-Poiseuille’ schen Gesetzes 
bei kleinen Driicken; starke Zunahme der Viskositét bei kleinen Fliessges- 
schwindigkeiten. 
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The investigation of the biological action of radiation has hitherto been 
hindered by theoretical and experimental difficulties, and our present know- 
ledge has been gained by methods which are almost entirely empirical. 

The accumulated observations, more particularly of that portion of radia- 
tion coming under the description of “light,” have been summarized by Pin- 
eussen (1) and Mayer (2), and more recently by Laurens (3). Few attempts 
have been made, however, to explain the mechanism of light action. 

The importance of the biological action of radiation is manifest in photo- 
synthesis, radiation therapy, and in the formation of vitamin D from ergosterol, 
but of even greater importance is the possibility that a study of the action of 
radiations on living material may help to elucidate the physicochemical pro- 
perties of protoplasm. 

Downes and Blunt (4) reported the lethal action of ultra-violet radiation 
on bacteria in 1872. The same authors were the first to discover that enzymes 
were influenced by radiation, and in 1879 they showed that zymase was de- 
stroyed by sunlight (5). A number of investigators have since studied the 
action of radiation on enzymes, though the majority of the observations have 
been of a qualitative nature. 

Green (6) first observed, in the case of amylase, that enzymes are destroyed 
by ultra-violet radiation, but practically nothing is known of the mechanism of 
this destructive action. That the rate of destruction follows the monomolecular 
course was shown for rennin by Schmidt-Nielson (7), and for pepsin, papayo- 
tin, and rennin by Hussey and Thompson (8). Pincussen and his collaborators 
have studied the effect of H-ion concentration on the destruction of malt 
amylase (9), urease (10), catalase (11), and pepsin (12) by ultra-violet radia- 
tion. They found for these enzymes that maximum destruction occurs at the 
pH of optimum activity of the enzyme, and, indeed, Pincussen suggests the 
determination of the pH for optimum destruction by ultra-violet radiation as 
a method of measuring the pH for optimum activity of enzymes. 
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As regards the action of visible radiation, however, such definite conclu- 
sions cannot be drawn. Jodibauer and Tappeiner showed that invertase (13) 
(14), peroxidase (15), and catalase (16) were destroyed by visible radiation, 
but only in the presence of oxygen or of sensitizing dyes. On the other hand, 
a few cases have been reported where stimulation of enzymes by visible radia- 
tions occurs. Green (6) showed that the activity of salivary amylase is in- 
creased by irradiation with the infra-red, red, orange, and blue of the carbon 
arc. Navez and Rubenstein (17) observed stimulation of the activity of a malt 
amylase digest of starch by exposure to light. 

In the investigations reported here an attempt was made to analyze the 
effect of the radiation of common light sources on enzymes according to the 
region of the spectrum from which the radiation emanated. The regions used 
included the ultra-violet, visible and infra-red. Although sunlight is the physio- 
logical source of radiations, for technical convenience artificial light sources 
were used, viz., the carbon are and the quartz-mereury-vapour are. The radiation 
of the carbon are, as is well known, approaches most nearly that of the sun. The 
spectral energy distributions of radiation from the sun, the tungsten incandes- 
cent lamp, the carbon and quartz-mercury-vapour ares, have been compared 
by Coblentz (18), who also reviewed the various methods of measuring radia- 
tion (21). 

The effects of the infra-red and the different portions of the visible spec- 
trum of the carbon are were studied by means of filters. The enzymes thus 
studied were urease, malt amylase, pepsin, and plasma-phosphatase. In the 
case of pepsin, the effect of H-ion concentration on its destruction by ultra- 
violet radiation was also investigated, in the hope of gaining further insight 
into the ionic nature of this enzyme. 

That the properties of an enzyme may be profoundly affected by its asso- 
ciation with other substances is shown by the work of Waldschmidt-Leitz (19), 
and in a study of the chemical mechanisms involved the enzyme should be in 
the purest form obtainable. On the other hand, in studying their physiological 
significance, enzymes must be used under conditions approximating the natural 
conditions as closely as possible. In the present investigation, therefore, the 
enzymes were only crudely purified, if at all. It was believed that the presence 
of impurities would not affect the action of radiations on the enzyme except by 
changing its sensitivity to them, as Pineussen (20) has shown in the case of 
pancreatic amylase. 

The effect of the radiations was in each case studied on both the enzyme 
preparation alone and on a digesting mixture of enzyme and substrate. The 
two effects are, of course, not necessarily the same. 

The intensities of the radiations employed, and also in some cases the 
absorption coefficients, were measured as accurately as possible. 
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IRRADIATION TECHNIQUE. 


The Light Source and the Method of Irradiation. 


The chief source of radiation was a direct current carbon are lamp with 
carbons at right angles. The latter were ‘‘ National Projector’’ carbons, posi- 
tive 8 mm. cored, negative 6 mm. uncored. The current used was 5 amps. at a 
potential of 50 volts. Preparations for irradiation by the carbon are were 
placed in a flat dish of 9 cm. diameter on the surface of a water thermostat. 
The are was placed vertically above the dish at a distance of 25 em. A control 
vessel, placed similarly in the thermostat, was shielded from radiations by sheet 
aluminium. Between the are and the irradiation vessel were placed a water 
cell 5 em. deep, and, when desired, a colour filter. The division of the visible 
spectrum into the chief colour regions was effected by means of ‘‘Wratten’”’ 
light filters, obtained from the Eastman Kodak Company. 

For ultra-violet irradiation the Cooper-Hewitt ‘‘Lab Are’’ mercury vapour 
lamp was employed, using 110 volts D.C. Preparations were irradiated by this 
lamp at room temperature simultaneously in vessels of ‘‘ Vitreosil’’ and of glass. 


The Measurement of Intensities. 


The bolometer was used for measuring intensities. Advantages of the 
bolometer are its sensitivity, accuracy, and non-selectivity. If great sensitivity 
be not required the technique is not difficult. A simple bolometer was con- 
structed as follows. A long strip of platinum foil!, 800 x 1-62 x 0-0215 mm. 
having a total resistance of 2-5 ohms, was zigzagged back and forth across an 
opening 2 inches square in a sheet of “Bakelite.” The ends were connected to 
binding posts, and the grid was blackened on both sides by the smoke of burn- 
ing camphor and backed with a reflector of polished Monel metal. This grid 
was inserted in the ‘‘unknown’’ arm of a Wheatstone bridge with a fixed resist- 
ance of 5 ohms. The galvanometer was a Leeds and Northrop, type 2420-C. 
The changes in resistance on irradiation, being too small to be read directly by 
the movement of the slider on the slide wire of the bridge, the slider was 
moved by means of a screw of 0-40 mm. pitch, with its head so divided that it 
could be read to 1/100 turn. Using this contrivance, the galvanometer was 
found to be sensitive to less than 1/10 turn of the screw. The bolometer was 
calibrated in absolute units against a Hefner lamp.” 

Readings taken at different distances from the lamp agreed with the 
inverse square law within the limits of experimental error. They were made in 
arbitrary units, one unit being equivalent to 1/10 turn of the screw-head. 
According to the observation of Gerlach, quoted by Warburg (22), that a 





1 Kindly supplied by Professor J. C. McLennan. 


2 Kindly lent by Professor G. R. Anderson. 
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Hefner lamp at 100 cm. gives a total radiation intensity of 2-26 « 10-5 calories 
per em.” per second, 1 unit — 7-9 < 10-5 calories per em.? per second. The 
bolometer was therefore sensitive to less than 10~* calories per cm.” per second. 


The Use of Filters in Intensity Measurements. 


Intensity measurements were made on the carbon are with the calibrated 
bolometer just described. With the are at a distance of 25 em., and a 5em. 
water cell interposed, the intensity of radiation amounts to 3 10-8 eal. per 
em.? per sec. By means of an infra-red Wratten filter, No. 87, the amount of 
infra-red in this radiation was found to be 0-96 X 10-8 cal. per em.? per sec. 
The intensity of the visible radiation was therefore 3-0 —1-0 2 10-3 eals. 
per em. per sec. 

For isolation of portions of the carbon are spectrum the Wratten light 
filters, 3 inches square, were mounted between glass lantern slides. 

The total transmission values given by the makers are determined spectro- 
photometrically against an incandescent lamp. Such values, however, cannot 
be applied to a light source, such as the carbon are, of different spectral energy 
distribution. The total transmission values of the filters were therefore deter- 
mined bolometrically, and corrected for the infra-red transmission separately 
determined. These determinations are given in Table 1. 


TABLE 1. 


The Transmission of the Wratten Light Filters with the Carbon Are. 


Transmission measured 
No. Colour. Transmission range. bolometrically. Transmission. 
Infra- 
Total Red Visible 
per cent. of incident 
intensity 
cals. per em.2 per (per cent. of 2-0 103 
my sec. X 104 cals./em.2/sec.) 
Infra-Red above 730 9 
Red » 980 14 
Orange » 550 16 
Yellow » 900 19- 
8 
3 
3 
2 


51 
52. 
82. 
15- 


Green 475-640 

Blue-Green 320-395 and 425-555 
Blue 360-510 

Violet 300-480 and above 645 


ODH AUTH HD 
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Attempts to measure the ultra-violet output of the quartz-mercury vapour 
lamp with the bolometer were unsuccessful. The chemical method devised by 
Anderson and Robinson (23) was therefore used. This method has been stan- 
dardized to give absolute results. The standard solution of oxalic acid and 
urany! sulphate is irradiated in quartz and in glass vessels at a measured dis- 
tance from the lamp. The difference in the values obtained with quartz and 
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glass gives the intensity of short ultra-violet. The results for the intensity of 
ultra-violet radiation at 25 em. distance from the lamp were for short ultra- 
violet (200-313 my) 2-6 & 10-4 eal. per em.? per sec., and for longer ultra- 
violet (313-400 my) 2-8 & 10-4 cals. per cm.” per sec. 


Irradiation. 


The preparation to be studied, together with a control preparation in a 
shielded vessel, was irradiated for a definite period, usually from 3-6 hours. 
In the case of enzyme digests, the course of hydrolysis during irradiation was 
followed by analysing aliquots removed at suitable intervals. When the effect 
of irradiation of the enzyme itself was under study, samples, removed at inter- 
vals, were incubated with a suitable substrate under appropriate conditions. 
The amount of digestion during incubation was determined, and this was a 
measure of the active enzyme surviving irradiation. Ultra-violet irradiations 
were performed at room temperature. For other irradiations the preparations 
were maintained at constant temperature, 30° or 37°C., in a water thermostat. 


UREASE. 


This enzyme possesses two advantages for these studies. In the first place, 
as a plant enzyme, light plays an important rdéle in its physiology, and in the 
second place its activity may be easily and accurately determined. Onodera 
(24) in 1915 observed that a solution of urease exposed to diffused daylight for 
52 days gradually decreased in activity, and Wester (25) observed a rapid 
destruction on exposure to sunlight. Revoltella (26), however, was unable 
to confirm these observations. Pincussen (10) (27) found that urease was 
destroyed by ultra-violet radiation and by sunlight, maximal destruction occur- 
ring at the pH of optimal activity, pH 7-0. He also found that boiled urease 
solution had a reactivating effect on preparations of light-inhibited enzyme. 

The urease preparation used in our experiments was a 50% glycerol extract 
of “Arleo” jack bean meal. This extract was quite stable at room temperature, 
and was used as a stock solution, to be diluted as required. 

The substrate for the urease experiments was a 2-5% solution of urea in a 
M/8 phosphate buffer mixture at pH 7-0. Hydrolysis was determined by 
measuring the ammonia formed ; ammonia was estimated by the aeration method 
of Van Slyke and Cuilen (28) as modified by Hunter and Dauphinee (29). The 
activity of a urease preparation could be determined directly and accurately by 
measuring the hydrolysis under standard conditions. 

The effects of light upon urease alone and upon a urease-urea digest were 
compared. A standard buffered urease solution, maintained at 30°C., was 
irradiated through the water cell with the carbon are at 25 em., and subsequently 
5 ¢.c. was incubated with 5 c.c. of 2.5% urea solution in buffer for 1 hour at 30°C. 
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It was found that the activity of the irradiated enzyme at first increased, but de- 
creased as the irradiation continued. A control kept in the dark increased in 
activity. This effect of increased activity could be attributed to the effect of 
werming the preparation of enzyme. It has been described by Di Renzo (30), 
and is possibly identical with the phenomenon discovered by Jacoby (31), who 
found that certain substances, which he named ‘‘auxdékorper,’’ such as blood 
serum and amino-acids, stimulated the activity of urease. The difficulty was over- 
come by an overnight incubation at 30°C. of the diluted enzyme. A stable activity 
was then reached. 

Under these conditions urease was destroyed by carbon are radiation 
through the water cell. A urease-urea digestion was also inhibited. The results 
of typical experiments are given in Table 2. 


TABLE 2. 
The Effect of Irradiation with the Carbon Arc on Urease at 30°C. 


Time of Exposure. Enzyme Activity. Hydrolysis during irradiation of Digest. 
Irradiated Control Irradiated Control Digest 
Enzyme. in dark. Digest. in dark. 
Hours. mg. NH; N in 1 hr. at 30°C mg. NH3 N 
0 -28 -30 
+24 -29 
-15 -25 
-05 -21 
02 -20 
-94 +22 
-90 -20 
81 -17 
-78 “15 


50 
-95 
37 
76 
82 
22 
36 
56 


-53 
-04 
-60 
-12 
-48 
-80 
-18 
-56 


Pt tk tt tt het bt 
NNN RKe Oooo 
WWwrrolee Ooo 


eocoocC HH eee 


0-5 
1-0 
1-5 
2-0 
2-5 
3-0 
3-5 
4-0 


If the inhibition of digestion be due solely to destruction of the enzyme the 
effect should be irreversible. At intervals during irradiation samples of the 
digest were removed and placed in the dark for a further hour. The rate of 
hydrolysis at the moment of removal of the sample was determined by measur- 
ing tangents to the eurve of hydrolysis at the points corresponding to the 
instants of removal. This rate was compared with the rate of hydrolysis in the 
sample which had been removed to the dark, but in this case the rate was 
determined from the actual amount of hydrolysis taking place during one hour 
while still in the dark. If the effect of irradiation were reversed in the dark 
the rate should be greater in the sample removed. 

Results of two experiments are given in Table 3. The rate of digestion in 
the light is described as “determined graphically” in the table; rates of diges- 
tion in the dark under the heading “determined experimentally.” The values 
agree as closely as might be expected, and the effect is therefore shown to be 
irreversible. 
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TABLE 3. 


The Change in Enzyme Activity in Urea-Urease Digests during Irradiation 
with the Carbon Arc. 


Enzyme activity expressed as units of urease. 
Experiment 34. Experiment 37. 
Determined Determined Determined Determined 
Graphically. Experimentally. Graphically. Experimentally. 
units units units units 


-60 1-60 1-50 1-50 
-60 1-60 1-45 1-48 
1-58 1-40 1-36 

1-48 1-32 1-31 

1-05 1-05 1-06 

0-88 0-89 0-86 

0-77 0-73 0-69 

-58 -57 -62 

-48 -50 +57 


a 
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Pincussen (10) found that sunlight destroyed an enzyme much less readily 
when it was in contact with its substrate. An attempt to confirm this observa- 
tion for carbon-are irradiation was unsuccessful. The rate of enzyme destruc- 
tion in contact with substrate was estimated by comparing the tangents to the 
eurves of hydrolysis at a given time, in irradiated and non-irradiated digests. 
Measured in this way, the rate of destruction was found to be approximately 
equal to the rate of destruction by irradiation of the same concentration of 
enzyme in a buffered solution. For example, in 4 hours at 30°C. the net 
destruction in two irradiated digests amounted respectively to 23 and 30 per 
cent., and the net destruction when enzyme alone was irradiated amounted to 
23 per cent. 

It had also been proved that irradiation had no effect on the urea, and 
accordingly, since inhibition of urease action on irradiation is due solely to 
urease destruction, urease alone was irradiated in the following experiments. 
The buffer was also omitted, because urease irradiated in distilled water exhibits 
greater sensitivity to light action. 


Spectral Zones. 


In the experiments with colour filters to determine the relative efficacy of 
different portions of the visible spectrum, a possible effect of infra-red irradia- 
tion was examined by means of an iodine in carbon bisulphide cell. No effect 
was observed. This observation was later shown to be incorrect. 

In measurements of destruction by irradiation through colour filters the 
eurves for enzyme destruction were found to be practically linear. This 
justified the representation of the rate of inhibition, as the net destruction of 
enzyme in 4 hours at 30°. The strength of the enzyme solution used was such 
that 5 ¢.c. incubated for 1 hour at 30°C. with 5 e.c. of urea in suitable buffer 
produced 2-0 mg. of ammonia nitrogen. Since it was impossible always to 
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prepare enzyme solutions having the same activity, the relation between the 
initial activity of the enzyme solution and its destruction by irradiation was 
examined. It was found that within wide limits the absolute destruction of 
enzyme was independent of initial activity. This is shown in Table 4. 


TABLE 4. 


The Relation between Activity of Enzyme and Rate of Destruction by 
Irradiation with the Carbon Arc. 


Initial Activity of Urease. Urease Destroyed. 
units units 


1-10 -60 
2-15 -65 
2-95 -62 


For purpose of comparison, destruction per unit of incident intensity was 
calculated, for each filter, on the basis of the colorimetrically determined in- 
tensities. 

Since the intensity values were known to be incorrect, due to unknown 
amounts of infra-red being transmitted, the infra-red filter, Wratten filter No. 
87, was obtained. The infra-red transmission values of the colour filters were 
then determined, and are given in Table 1. 

To check the effect of the short infra-red on urease, enzyme solutions were 
irradiated through the Wratten filter No. 8. Rapid destruction was observed, 


averaging about 32 per cent. in 4 hours. This value is much greater than was 
obtained with any of the colour filters, and apparently the infra-red radiation 
cannot be neglected. Corrections for each filter were then estimated on the 
basis of the measured infra-red transmissions. The results are given in Table 5. 

In each case the destruction obtained can be accounted for entirely by the 
infra-red transmitted through the filter. Apparently, therefore, visible radia- 
tion has no effect on urease. 


TABLE 5. 


Urease Destruction by Irradiation with the Carbon Arc through Different 
Colour Filters. 


Filter Colour. Intensity of Transmitted Radiation. Enzyme Destroyed. 
Calculated from 
Total. Infra-Red. Measured. Infra-Red. 
eal./em.2/sec.X104 cal./em.2/sec. x 104 units 


Infra-Red 9-6 
Red 14-4 
Orange 1 
Yellow 1 
Green 

Blue-Green 

Blue 

Violet 


=) 
o>) 
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To examine further, the lack of effect of visible radiation, destruction was 
compared, after irradiation through a colour filter (blue-green, No. 45), with 
the destruction effected by irradiation through both the colour filter and the 
infra-red filter, No. 87. 

With the blue-green filter alone 0-28 units were destroyed in 4 hours. 
With both the blue-green filter and the infra-red filter 0-28 units were destroyed, 
and the destruction calculated from the infra-red was 0-26. 

It was found also that the whole effect of the visible spectrum was about 
equal to that of the infra-red portion. When enzyme was irradiated without 
using a filter, 0-66 units were destroyed. When the same enzyme solution was 
irradiated through the infra-red filter 0-64 units were destroyed. Each of these 
values is the average of three determinations. There is no question that visible 
radiations have no destructive action on urease. 


Ultra-Violet Irradiation of Urease. 


In order to compare the effect of ultra-violet irradiation with that of infra- 
red, urease solutions, contained in quartz and in glass vessels, were irradiated 
with the quartz-mercury vapour arc at a distance of 50 em. The wave-lengths 
transmitted through the quartz were the short ultra-violet between 200 and 
313 mp, and the net destruction was therefore due to these radiations. Urease 
in distilled water was rapidly destroyed at room temperature. These results 
should, however, be comparable with those obtainable at 30°, because, as 


Schmidt and Neilson (7) have shown, the temperature co-efficient of light 
destruction of enzymes is negligible. The results of irradiation by ultra-violet 
are given in Table 6. 


TABLE 6. 
Ultra-Violet Destruction of Urease. 


Activity of Urease. Net destruction of Enzyme 
Irradiated through Irradiated through by short ultra-violet ray 
Quartz. Glass. (200-313 mz). 
units. units. units. 


2-00 2-00 0 

1-34 1-88 0-54 
0-84 1-72 0-88 
0-60 1-56 0-96 


Irradiation with High-frequency Waves. 


Through the kindness of Professor J. C. McLennan an opportunity was 
afforded to study the effect upon urease of high-frequency radio waves. The 
General Electric high-frequency heater used generated waves having a frequency 
of 12,000 kilocycles, or a wave-length of 25 metres. A property of this radiation 
is its power to produce heat in liquids and solutions placed between the plates of 
the machine. : 
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Urease in distilled water was subjected to this radiation without change in 
activity. ‘The rise in temperature was 1-5°C. Urease dissolved in M/150 
sodium chloride, a concentration which gives maximum heating, was also 
unaffected. 


Discussion. 


Since ultra-violet and infra-red both destroy urease, it is interesting to 
compare the relative efficiencies. 

The relative velocities of destruction were compared by plotting ultra- 
violet and infra-red destruction curves, and measuring the times which corres- 
pond to equal destructions. The result is shown in figure 1. For a destruction 
of 0-64 units the ultra violet requires 1-23 hours and the infra-red 4-00 hours. 
The ultra-violet is much more destructive than the infra-red. 


Urease Dest royed 
jinits 


1-0 ) 
a 

08 
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Figure 1. A comparison of the effects of Ultra-Violet and Infra-Red Irradiation on 
Urease. 


This action of the ultra-violet is in agreement with its general destructive 
properties. The destructive action of the short infra-red may also be of some 
importance, although the infra-red is less active than the ultra-violet, its much 
greater penetrating power, however, might make it equally effective. The 
physiological réle of infra-red cannot therefore be neglected. 


MALT AMYLASE. 


A study of the action of radiation on amylase presents interesting possi- 
bilities. Green (6) found that different portions of the carbon are spectrum had 
different effects on salivary amylase. Infra-red and the longer visible waves 
stimulated the enzyme, while the shorter visible waves and ultra-violet destroyed 
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it. Navez and Rubenstein (17) reported a stimulation of diastatic starch 
hydrolysis by visible radiation. Amylase, therefore, offered the possibility of 
studying the effect of the visible spectrum, and also of investigating the 
mechanism of a digest stimulation. 

A number of investigators have studied the action of light on the amylases. 
Destruction of amylase by ultra-violet has been reported by Burge (32), 
Chauchard (33), Delazenne (34), Hertel (35), Luers and Lorinser (36), Mazoue 
(37), Svanberg (38), and Terroine (39). That polarized visible light specific- 
ally stimulates starch digestion has been stated by Mackt (40), Baly (41), and 
Semmens (42). The investigations of Bunker (43), Jones (44), Navez and 
Rubenstein (17), and others appear, however, to have disproved this contention. 
Pincussen has studied the action of ultra-violet on amylase under different con- 
ditions. The rate of destruction of pancreatic amylase increased, he found, 
with its purity (20). Destruction of malt amylase was maximal at the optimum 
pH of 4-6 (9), and a trace of active enzyme was found to reactivate light- 
inhibited enzyme (45). He (46) obtained a Hofmeister series for the effect of 
the cations Na, K, Rb, Ca, Mg, on ultra-violet destruction of amylase. 

Our investigation included the effect of “visible” radiation on malt amylase, 
both on the enzyme alone and on a starch digest. The effect of different por- 
tions of the spectrum was also studied. 


Method. 


Since Navez and Rubenstein (17) showed that malt amylase was more 
sensitive to light if purified entirely in the dark, the enzyme was purified by 
their method. The preparation was kept in the dark room and cooled to 0°C. 
after each stage in the purification. 

Enzyme activity was followed by digestion of soluble starch (Lintner) and 
determination of maltose formation. The enzyme was allowed to act at 30° 
and pH 5-0. Maltose was determined by the modified method of Shaffer and 
Hartmann (47), adapted by Barbour (48), and a standard reference curve was 
constructed from known concentrations of pure maltose. As both starch and 
buffer were found to affect the determination, the method was restandardized 
in 0-6% starch and M/50 acetate buffer of pH 5-0. Under these conditions the 
maltose-thiosulphate curve was practically linear up to 2-5 mg. of maltose 
(1 mg. maltose = 3-60 ¢.c. of N/200 thiosulphate). 

In digests with varying substrate concentration, maximum rate of hydrolysis 
was obtained in the range 2-3 per cent. of starch. All digests were, therefore, 
prepared to contain 3 per cent. of starch. This was mixed with a little water, 
added to boiling water, and boiled 3 minutes. 

All digests were buffered with acetate buffer of pH 5-0. Concentrations be- 
tween M/5 and M/25 were found to have little effect on the rate of digestion ; the 
standard chosen was M/10 acetate buffer. The method for determining maltose 
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was standardized in 0-6 per cent. starch and M/50 buffer, because 1 ¢.c. samples 
were diluted to 5 c.c. for the determination. 

The rate of digestion was found to be exactly proportional to enzyme concen- 
tration, and, under the experimental conditions, the amount of digestion was 
found to be proportional to time. Navez and Rubenstein (17) observed an initial 
flattening of the digestion curve, i.e. initial low velocity of hydrolysis. In our 
experiments, on the contrary, the curve was found to be strictly linear. 


Ultra-Violet Irradiation. 


Malt amylase, dissolved in buffer or in water, was rapidly destroyed by irra- 
diation with the quartz mercury are at 25 cm. distance. The enzyme preparation 
was simultaneously irradiated in quartz and in glass vessels. Difference in des- 
truction of the enzyme in the two vessels could only be ascribed to the action of 


short ultra-violet radiation. The results of a typical experiment are given in 
Table 7. 


TABLE 7. 


Destruction of Amylase by Ultra-Violet Radiattions. 


Amylase Activity. 


Irradiated through Irradiated through Ultra-violet destruction Destruction. 

Time. Quartz. Glass. (Difference). Time. 
hours. units. units. units. 

0 2-50 2-50 0 _ 
0-5 2-32 2-50 0-18 +36 
1-0 2-05 2-50 0-45 45 
1-5 1-82 2-50 0-68 *45 
2-0 1-45 2-50 1-05 -52 
2-5 1-12 2-48 1-36 +54 
3-0 0-95 2-42 1-47 -49 
3-5 0-75 2-32 1-57 45 


Three c.c. of the enzyme preparation was added to 3 c.c. of 6 per cent. starch 
in buffer and incubated for one hour at 30°C. Maltose was determined on a 5 c.c. 
aliquot. One amylase unit produced 1 mg. of maltose. 

If destruction by the short ultra-violet be plotted against time, the curve is 
found to be roughly linear. 


Irradiation of Amylase with the Carbon Arc. 


Irradiation of starch-amylase digests with the carbon are at a distance of 
25 em. through a water cell was found to produce a slight stimulation of enzyme 
action, which, however, amounted to only 4 per cent. in 6 hours. 

In an attempt to produce a greater effect, a larger arc carrying 20 amperes 
was used. The potential across the are was 45 volts. This are gave five times the 
visible radiation of the smaller are or 1-0 x 10—? cal./em.2/sec. at 25 em. distance. 
Repeated irradiation of digests with blank, with infra-red and with colour filters, 
produced no effect on the digestion. It appeared, therefore, that there might be - 
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an optimum intensity for stimulation. Digests were again irradiated with the 
small are at different distances. The results are given in Table 8; they seem to 
indicate, in fact, that there is an optimum intensity where the radiant energy 
(visible + infra-red) is 3-0 & 10-4 cal./em.?/see. For sunlight the maximal 
intensity in the same spectral region (400-1400 mz) is about 32 per cent. of 2 
cal./em.*/minute or -01 cal./em.?/see. Coblentz (18). The optimal intensity for 
stimulation of amylase is, therefore, only 3 per cent. of the maximum solar 
intensity. 


TABLE 8. 


Stimulation of Starch-Amylase Digests by Irradiation with the Carbon Arc. 


Intensity of Radiation Stimulation in 
(Visible+ Infra-Red). Six Hours. 
cal./em.2/sec. X 10-4 per cent. 


132 
30 
15 
10 

3 
2 
0 


—— 
Cor OaAAK OS 


Navez and Rubenstein (17) observed that the stimulation of amylase action 
by irradiation exhibited a definite induction period. This observation was con- 
firmed. Under our experimental conditions, in a 6 hour digest, the induction 
period was 3 hours, producing 2-5 mg. per c.c. of maltose. The duration of this 
induction period was found to vary inversely as the rate of digestion. It appeared 
that irradiation played no part in the induction effect. A digest left in the dark 
during the same time and then irradiated showed the same stimulation as a digest 
which had been irradiated during that time. This suggests that the stimulation 
depends on the formation of some intermediate product in the hydrolysis and it 
was found, in fact, that addition of erythrodextrin did influence the effect. 

An initial concentration of 0-6 per cent. of dextrin (Eimer and Amend) 
caused complete disappearance of the induction period, though it did not increase 
the total stimulation. No detectable absorption of radiation by either dextrin or 
maltose could be measured. The stimulation was reversible, a sample taken from 
the irradiated digest, incubated further in the dark, showed a rate of hydrolysis 
4 per cent. less than the rate in the light or an amount just equal to the light 
stimulation. The differences concerned are so small, however, that this observa- 
tion can hardly be considered of much significance. 

Attempts to isolate the portion of the are spectrum responsible for stimula- 
tion were unsuccessful. Irradiation with infra-red and colour filters gave such 
variable results that no conclusion could be drawn. It is possible that, since the 
digests were colourless, the infra-red radiations are the responsible factor. 
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Irradiation of Maltase Alone. 


The malt amylase, in water or in buffer, was irradiated with both the large 
and small are, using blank, infra-red,.and colour filters. In no case was any effect 
of the radiation on the activity of the enzyme observed. This seems contrary to 
the finding of Navez and Rubenstein (17) that the stimulation of digests depends 
upon the absence of light in the purification of the enzyme. They reported rapid 
destruction of the enzyme when irradiated at 22-5° with an incandescent lamp 
through water. 


Discussion. 


We conclude that malt amylase is rapidly destroyed by ultra-violet radiation 
but is unaffected by the visible or short infra-red. Enzyme digests of soluble 
starch were stimulated by the light of the carbon are, but the active wave lengths 
were not determined. 

Since enzyme alone was unaffected, the stimulation must have been due to 
absorption of radiation (probably infra-red) by the substrate. It seems that 
dextrin was responsible for the stimulation, but absorption of radiation could not 
be detected. The stimulation is probably due to degradation of radiant to kinetic 
energy. 


PEPSIN. 


For the study of the effect of light on proteolytic enzymes, pepsin was chosen, 
and since pepsin acts on colloidal substrates it was hoped that the phenomenon of 
digest stimulation, observed with starch and amylase, might also be found here. 
It provided the opportunity of investigating the effect of H-ion concentration 
upon destruction of pepsin by ultra-violet, with the possibility of further elucida- 
tion of the ionic nature of the enzyme. Northrop (49) has suggested that pepsin 
is a monovalent anion in the range pH 1-7. Goulding, Borsook, and Wasteneys 
(50) have shown that if pepsin is a weak acid the unionized form is enzymically 
active, while the ionized pepsin is inactive. 

The literature on the action of light on pepsin is surprisingly scanty. Burge 
(32) in 1916 observed that ultra-violet below 313 my destroyed pepsin. Groenhoff 
(51) found that even carefully dried pepsin was slowly inactivated by daylight. 
Hussey and Thompson (8) showed that ultra-violet destruction of pepsin followed 
the course of monomolecular reaction. Pincussen (12) demonstrated maximum 
destruction of the enzyme at its optimum pH and Supniewsky (52) found that 
pepsin was sensitized to visible radiation by alkaline hemato-porphyrin. 


Method. 

In the investigation with pepsin the effects of the visible and infra-red radia- 
tion on pepsin alone and on peptic digests of egg albumin were studied. A study 
was also made of the effect of H-ion concentration upon destruction of pepsin by 
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ultra-violet. The sources of radiation were, as in the previous experiments, the 
earbon are and the quartz mercury vapour are. 

As the source of enzyme, Fairchild’s pepsin was used. A stock solution of 
10 per cent. pepsin in 0-1 N hydrochloric acid was kept in the refrigerator and 
diluted as required. It was moderately stable. The substrate was egg-albumin 
(Merck) dissolved in 0-1 N hydrochloric acid, giving an acidity corresponding to 
pH 1:5. 

Peptic activity was determined by the method of Goulding, Borsook, and 
Wasteneys (50). The albumin solution was of sufficient strength to give a final 
concentration of 3 per cent. in the digests. Incubation was carried out at 37°C, 
and the amount of digestion at appropriate intervals was determined by adding 
5 e.e. of 10% trichloracetic acid to a 20 ¢.c. sample of a digest. After 1 hour the 
precipitate was filtered off and the total nitrogen of 10 c¢.c. of the filtrate was 
determined by the Kjeldahl method. 

The rate of digestion is not proportional to enzyme concentration. A refer- 
ence curve was therefore constructed from known concentrations of pepsin. The 
eurve follows the square-root law fairly closely, as is seen in Table 9. 


TABLE 9. 


The Relation Between Amount of Hydrolysis of 3 per cent. Egg Albumin and the 
Concentration of Pepsin. 


Concentration of Pepsin. Albumin Hydrolysed in 1 hour at 37°C. (560P)4 
per cent. mg. N. 
-01 2-00 2-37 
-02 3-25 3-34 
-03 4-11 4-10 
-04 4-74 4-73 
05 5-28 5-29 
05 5-76 5-80 
-07 6-20 6-25 
-08 6-50 6-69 


The method employed in the study of the ultra-violet destruction of pepsin 
was similar to that used by Goulding, Borsook, and Wasteneys (50) in their in- 
vestigations on autodestruction. Fairchild’s pepsin, in a concentration of 0-2 
per cent., was irradiated at room temperature for 3 hours in quartz and glass cells 
at a distance of 14-5 em. from the mercury are. The intensity of short ultra- 
violet was 7-8  10~* calories/em.?/sec. The lamp was calibrated at frequent 
intervals and the distance adjusted to maintain the same intensity. A titration 
curve of the enzyme was worked out in order that the pepsin might be adjusted to 
any desired H-ion concentration. 


Irradiation with Carbon Arc. 


A 0-2 per cent. solution of pepsin at pH 2-0 was irradiated through the water 
cell for 4 hours at 20° with the carbon are at 25 em. distance. The activity of the 
enzyme was unaffected. 
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A peptic digest of 3 per cent. egg albumin at 37° was similarly irradiated. 
The hydrolysis was found to be strongly stimulated to an extent of about 22 per 
cent. in 4 hours. The albumin solution was cloudy, however, and when, after 
filtering, a perfectly clear digest was irradiated, there was no significent stimula- 
tion. 

A suspension of 1-3 per cent. coagulated egg albumin, adjusted to pH 1-6, 
was prepared by the method of Morrell, Borsook, and Wasteneys (53). This gives 
a fine, uniform suspension. A peptic digest of this coagulated albumin was irra- 
diated with the carbon are and was strongly stimulated. The results are shown 
in Table 10. 


TABLE 10. 


Stimulation of Peptic Hydrolysis by Irradiation with the Carbon Arc. 
0-03 per cent Pepsin, 1-3 per cent. Coagulated Egg Albumin at 37°C., pH=1-6. 


Amount of Hydrolysis. 
Time of Irradiation. Irradiated. Non-irradiated Control. Stimulation. 
Hours. mg. N. mg. N. mg. N. per cent. 
1 1-77 1-70 0-7 4 
2 2-42 1-98 0-44 22 
3 3-17 2-56 0-61 24 
4 3-87 2-97 0-90 30 


With the infra-red filter only slight stimulation was produced, amounting to 
an increase of 5 per cent. in 4 hours. Apparently a peptic digest of coagulated 
egg albumin is strongly stimulated by visible radiation (2-0 « 10-3 calories/ 
em.?/sec.). Since the coagulated albumin is white, if the radiation acts simply 
by non-specific absorption, all parts of the spectrum should be equally effective. 

To test whether the light had any effect on the substrate alone, a sample of the 
coagulated albumin solution was irradiated and samples were digested with pepsin 
at intervals under standard conditions. The irradiated albumin was found to be 
slightly more digestible than that kept in the dark, but the difference was not 
great enough to account for the stimulation observed when the pepsin was also 
present. The results are shown in Table 11. 


TABLE 11. 
Stimulation of Peptic Hydrolysis by Irradiation of the Substrate Alone with the 
Carbon Arc. 
Hydrolysis of Hydrolysis of 
Time of Irradiated. Non-irradiated Stimulation. 
Irradiation. Substrate. Substrate. 
Hours. mg. N. mg. N. mg. N. per cent. 
0 3-35 3-40 _— —_ 


1 3-25 2-98 -27 9- 
2 3-10 2-98 12 4- 
3 3-03 2-84 “19 6- 
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Ultra-Violet Destruction. 


Merck’s pepsin, in 0-2 per cent. solution, was practically unaffected by irra- 
diation with the mercury are for 3 hours at a distance of 14-5 em. This was 
possibly due to the presence of screening substances because another commercial 
pepsin (Fairchild’s), in 0-2 per cent. strength, was readily destroyed under the 
same conditions. 

The enzyme preparations, in 0-2 per cent. solutions, were irradiated for 3 
hours at room temperature in quartz and glass cells at a distance of 14-5 cm. from 
the mercury are. Destruction was due to the short ultra-violet (200-313 mz), the 
intensity of which was maintained at 7-8 & 10~—* calories/cm.?/sec. 


Destruction of Pepsin. 
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Pigure 2. The relation between Cy;+ and the Rate of Destruction of Pepsin by Ultra- 
Violet Irradiation. 


The pepsin solution was adjusted to the desired pH by reference .to the titra- 
tion curve, and the exact H-ion concentration was determined electrometrically 
after each irradiation. Irradiation produced no change in the pH of the pepsin 
solutions. 
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During the irradiation, 5 c.c. samples were taken and incubated for 1 hour at 
37° with 15 c.c. of 4 per cent. albumin. The amount of hydrolysis was determined 
in the usual way. The number of c.c. of 10 per cent. pepsin, obtained from the 
reference curve, giving the same amount of digestion, was used as a measure of 
the rate of destruction. Absolute destruction was found to be independent of 
enzyme activity within fairly wide limits. Samples having an initial activity of 
3-26 units and 1-95 units suffered the same destruction in the same time. The 
destruction of pepsin by ultra-violet radiation was measured within the range 
pH1topH?7. Destruction, at any given pH, was found, as in the experiments of 
Goulding, Borsook, and Wasteneys (50), to resemble in its relation to time, a 
monomolecular reaction. In figure (2) the values for K in the monomolecular 
equation are plotted against pH. For comparison the destruction is also plotted 
in terms of the per cent. of the maximum destruction, obtained at pH 1-9. 


Discussion of the Pepsin Expervments. 


Pepsin alone is unaffected by visible or short infra-red radiation but is 
destroyed by ultra-violet. A peptic digest of coagulated egg albumin is strongly 
stimulated by visible radiation, while a similar digest of undenatured albumin is 
unaffected. The light appeared to have some, but less, effect on the substrate 
alone. The digest stimulation was probably effected through absorption of 
radiant energy, with degradation to kinetic energy. The increase in kinetic 
energy should increase the rate of reaction in exactly the same manner as a rise in 
temperature. 

It is interesting to consider the effect of H-ion concentration on ultra-violet 
destruction of pepsin in relation to theories of the ionic nature of the enzyme. 
Northrop (49) found, and Goulding, Borsook, and Wasteneys (50) confirmed 
that pepsin is an anion between pH 1-7. The latter authors in the same paper 
showed that if pepsin be a weak acid, then it is the unionized form which is 
enzymically active. It appears from their results that pepsin is unionized in the 
range pH 1-4-5, where it suffers no initial destruction. In the range pH 4-5-7-0 
the enzyme is increasingly ionized, and there is increasing initial destruction. 

The ultra-violet destruction experiments show that H-ion concentration not 
only affects the ionization of the enzyme but also affects it profoundly in another 
respect. In the range pH 1-1-4-5, where the enzyme apparently is unionized, the 
destruction through irradiation with ultra-violet exhibits a definite maximum at 
about pH 1-9. It then falls off to about one-half of this maximum value. The 
destruction curve in this range is similar in shape to a pH-activity curve for 
pepsin, with maximum activity at about pH 2, and minimum at pH 4-5. Appar- 
ently the rate of ultra-violet destruction parallels the enzyme activity very closely. 

In the range pH 4-5-6-8 where the enzyme is progressively ionized, up to 
about 50 per cent., the absolute ultra-violet destruction is practically constant and 
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is minimal. This is the range within which pepsin has least activity on most 
proteins. 


PHOSPHATASE. 


Phosphatase was investigated with the co-operation of Professor H. D. Kay 
and Mr. H. D. Jenner. They were good enough to furnish us with the enzyme 
and to perform the necessary analyses for this investigation. Only one investi- 
gator has reported a study of the behaviour of phosphatases toward light. Pin- 
eussen (54) studied the destruction of the lecithase and phosphatase of taka- 
diastase by ultra-violet. He found the phosphatase to be inactivated relatively 
more rapidly than the lecithase and concluded that separate enzymes were respon- 
sible for the hydrolysis of lecithin. 

In view of the significance of phosphatase in bone formation, and the réle of 
ultra-violet in the same process, it was thought desirable to study the behaviour 
of the enzyme toward radiation. 


Method. 


Phosphatase and phosphatase digests were irradiated with the carbon are 
and quartz-mercury-vapour lamp. The enzyme preparations were bone and in- 
testine phosphatases from the rat. The substrate was sodium £-glycerophosphate 
of 0-15 per cent. strength in glycine-sodium hydroxide buffer of pH 8-9. Digests 
were incubated at 37°C. The extent of hydrolysis was measured by the colori- 
metric estimation of the liberated inorganic phosphate using the method of Briggs 
(55). The phosphatase technique used was that of Kay (56). 


Ultra-Violet Irradiation. 


Ultra-violet destroyed bone-phosphatase alone, and inhibited the B-glycero- 
phosphate-bone-phosphatase digest. The results of enzyme and digest irradiations 
are given in Table 12. These were made with the mercury are at 25 em., giving 
7-8 <X 10-4 ealories/em.2/sec. of short ultra-violet. When the enzyme alone was 
irradiated, the solution contained glycine-NaOH buffer. 


TABLE 12. 


The Irradiation of Phosphatase by Ultra-Violet at 24° C. and pH 8-9. 
Hydrolysis of Sodium 8-glycerophosphate. 


Enzyme Alone Irradiated. Digest Irradiated. 
Control Irradi- Destruction of Control Irradi- Inhibi- 
Time in dark. ated. phosphatase. in dark ated. tion. 
Hours mg. P. mg. P. mg. P. mg. P. mg. P. mg. P. 
0 -198 +197 — 0 0 0 
25 +192 +164 -028 — — — 
-50 +186 -138 +048 -036 -031 -005 
1-0 -178 -105 -073 -058 +047 -011 
1-5 +169 -088 -081 -090 -070 -020 
2-0 -140 -062 -078 -108 -087 -021 
2-5 *125 -051 -074 +119 -101 -018 
3-0 +122 -046 -076 -129 -111 -018 
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Carbon Arc Irradiation. 


Phosphatase was irradiated with the carbon are at 25 em. through the water 
cell, yielding an intensity for the visible of 2-0 & 10-3 and for the infra-red of 
1-0 X 10-3 calories/em.?/see. This irradiation was found to inhibit digests of 
both bone and intestine phosphatases, the inhibition was, however, slight, being 
about 8-12 per cent. in 4 hours. 

The results of an experiment on a bone phosphatase digest are given in Table 
14. The substrate was 0-15 per cent. sodium £-glycerophosphate in glycine buffer 
of pH 8-9 and containing a trace of magnesium ion (-007 molar). 


TABLE 13. 
Effect of Carbon Arc Irradiation on the Hydrolysis of Sodium B-glycerophosphate 
by Bone Phosphatase. 
Amount of Hydrolysis. 
Time. Control in dark. Irradiated. Inhibition of Digestion. 
Hours. mg. P. mg. P. mg. P. Per cent. 
0-5 -0555 -0538 -0017 3-1 
1 -090 -087 -003 3-3 
2 - 163 -151 -012 7-4 
3 -222 -204 -018 8-1 
4 -272 - 246 -026 9-6 
5 -320 +281 -039 12-2 


This inhibition of digestion was probably due to destruction of the enzyme, 
and in fact, phosphatase alone was destroyed by irradiation with the carbon arc. 
Table 14 gives the results of an experiment where bone phosphatase in distilled 
water was irradiated. 

TABLE 14. 
The effect of Irradiation with the Carbon Arc on Bone Phosphatase. 


Enzyme Activity. 


Time. Control in dark. Irradiated. Destruction. 

Hours. mg. P. mg. P. mg. P. 
0 +192 +194 0 

+5 -178 -169 -009 
1 +172 -159 -013 
2 -158 +137 -021 
3 +150 -116 -034 
4 -137 +105 -032 
5 -135 -091 -044 


Samples of the enzyme were removed at the stated intervals and incubated 
with substrate under standard conditions. The amount of P liberated on hydro- 
lysis is, however, not directly proportional to enzyme activity because the rate of 
digestion does not vary exactly with the concentration of enzyme under these 
conditions. This applies also to the experiments on ultra-violet irradiation of 
urease alone, described in Table 12. 
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The infra-red of the carbon are was found to exert no destructive action on 
phosphatase alone or on the phosphatase £-glycerophosphate digest. The conclu- 
sion is inevitable that visible irradiation destroys phosphatase. A phosphatase 
preparation was irradiated through the green filter No. 58 with no evident effect 
on its activity. No other experiments were performed to determine the active 
portion of the visible spectrum. 


Discussion. 


Bone phosphatase is destroyed by short ultra-violet radiation. Phosphatase 
is also destroyed by visible radiation, and in view of the much greater penetrating 
power of visible radiations into animal tissues, the observation may be of possible 
significance in the phosphatase activity of the tissues. 


GENERAL DISCUSSION. 


Three phenomena studied in this investigation are worthy of further dis- 
cussion. These are: 


(1) The destruction of all four enzymes by ultra-violet radiation. 

(2) The destruction of urease by infra-red and of phosphatase by visible radia- 
tion. 

(3) The stimulation of starch-amylase and albumin-pepsin digests by visible and 
short infra-red. 


(1) The destruction of enzymes by ultra-violet is a general and well-known 
phenomenon. The radiation is injurious to all forms of life although the mechan- 
ism of ultra-violet action is not yet understood. Miss Clark (57) believes that the 
coagulation of protein by ultra-violet is a photochemical process, a de-ionization of 
the ionized protein. Dessauer (58) is of the opinion that the coagulation of pro- 
tein is not a photochemical but a non-specific reaction. His theory of ‘‘punkt- 
warme’’ postulates local heating in the colloidal particles due to absorption of 
radiation. Our studies have thrown no light on this question. 

In studying the effect of H-ion concentration upon destruction of pepsin by 
ultra-violet it was found that the susceptibility to destruction parallels the 
activity of the enzyme and is not at all related to autodestruction. 

(2) The destruction of urease by infra-red is an extremely interesting phen- 
omenon. Little is known of the action of infra-red on biological materials. Few 
workers, Clausen (59), have been aware of the possibility. 

The mechanism of enzyme destruction by infra-red is also unknown. The 
fact that a definite amount of radiant energy destroys only a certain amount of 
enzyme, points to the photochemical nature of the action. Infra-red, however, is 
commonly stated to produce no chemical action. Kistiakowsky (60) states that 
infra-red does not produce a change in electronic energy, and therefore cannot 
cause a chemical activation of molecules. He dismisses an apparent exception : 
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the stimulation of the hydrolysis of methyl acetate by sunlight observed by Rideal 
and Hawkins (61). 

Infra-red certainly produces a chemical change in urease, but the process is 
probably molecular and not electronic. The large enzyme molecule is possibly 
disrupted by the radiation, but whether the process may be termed photochemical 
is difficult to decide. 

The destruction of phosphatase by visible radiation is another addition to the 
small list of enzymes definitely affected by visible radiation and it would be of 
interest to investigate photochemically the visible absorption spectrum of phos- 
phatase. 

(3) Enzyme digestions of starch and albumin are stimulated by visible and 
possibly by the short infra-red radiations. The enzymes themselves are unaffected. 
The probable mechanism of stimulation, therefore, is an absorption of radiations 
by the colloidal substrate. The fact that undenatured albumin is unaffected, while 
the larger particles of coagulated albumin are sensitive to the light, supports this 
view. 

The absorption of radiation probably increases the kinetic energy of the 
substrate particles. It has already been demonstrated by the recent work of 
Pospisil (62) that the kinetic energy of colloidal particles in Brownian movement 
ean be increased by irradiation. 

It is a peculiar fact that of the four enzymes investigated, the two which act 
on non-colloidal substrates, urease and phosphatase, are destroyed by infra-red 
and by visible radiation. The two enzymes which hydrolyse colloidal substrates, 
amylase and pepsin, are unaffected by these longer waves, but their digests are 
stimulated. 


SUMMARY. 


1. Ultra-violet (200-313 my) destroys urease, malt amylase, pepsin and 
phosphatase. 

2. Urease is readily destroyed by short infra-red radiation (750-1400 mz). 

3. Phosphatase is destroyed by visible radiation. The spectral efficiency has 
not been determined. 

4. A starch-amylase digest is slightly stimulated by ‘‘visible’’ radiation. The 
enzyme alone is unaffected. 

5. A peptic digest of coagulated egg albumin is strongly stimulated by visible 
radiation. The enzyme alone is unaffected. 

6. The probable mechanism of these digest stimulations is absorption of radia- 
tion by the colloidal substrate, with degradation of radiant to kinetic energy, and 
consequent increase in the reaction rate. 

7. The rate of destruction of pepsin by ultra-violet is dependent on H-ion 
concentration, in the range pH 1-7. The destruction parallels enzyme activity in 
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hydrolysis, showing a maximum at the optimum pH. H-ion concentration has, 
therefore, an effect on pepsin which is independent of the ionization effect. 

(Our thanks are due to Professors J. C. McLennan and H. A. McTaggart, of 
the Department of Physics, for advice and assistance in overcoming technical 
difficulties. ) 
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A survey of the history of Pathology indicates that our present conception 
of the most essential feature in the natural history of disease has been arrived 
at in a very indirect fashion. The progress of science differs from philosophy 
in being of necessity opportunistic, proceeding as it does from the obviously 
ascertainable to the nebulous unknown. Experimental investigation in biology 
inevitably begins in medias res, and works forward and backward in an 
endeavour to complete the sequential picture of the process under consideration. 
It is extremely doubtful if any seasoned scientist presents his latest exposition 
of any continued line of investigation in the chronological order in which the 
successive experiments were performed. Such a presentation would possess a 
psychological interest, but would scarcely facilitate exposition. 

The stimulus to investigate disease has always arisen from the midst of its 
emergency. The patient in full course of his suffering and disability first attracts 
the solicitude of the physician, and out of the latter’s increasing understanding 
of the observed phenomenon has grown an increasingly adequate intervention. 
The first reaction to disease on the part of the patient is the desire for the 
immediate alleviation of suffering, but the second thought in his mind, and 
particularly in the mind of the dispassionate observer, lies in the avoidance of 
recurrence of the malady. The idea of disease prevention leads inevitably to 
consideration of disease causation. A correct appreciation of the cause of disease 
was easy in its earliest instances, such as the traumatic injuries of battle and 
attacks by wild beasts. Poisonings which may follow the ingestion of untried 
but possible food substances are fairly obvious to trace. It is important to note 
that these earliest appreciations of disease etiology led to the identification of 
agencies outside the body of the patient. 

The inevitable starting point of most severe maladies, particularly those that 
occur in epidemic form, lies beyond the ken of the untrained and unequipped 
observer, for obvious reasons, which have only recently been appreciated. It 
was natural, then, that the elucidation of these problems should be referred to 
those who by diligence and natural powers have always assumed intellectual 
leadership among even the simplest peoples. Priests, magicians, astrologers, 
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medicine men, soothsayers, both orthodox and unorthodox, have always emerged 
and swayed the herd by their superior knowledge, real or assumed. It was in- 
evitable that those leaders, to whom reference as to the causes of diseases were 
made in doubtful instances, should explain them in conformity with their par- 
ticular knowledge or beliefs. Thus out of astrology, and later astronomy, grew 
the conception that disease is due to astral disturbances, to planetary movements, 
to eclipses, or to fluctuations with the tides. This line of explanation is by no 
means outgrown as explanatory of the course of epidemics (Arrhenius). The ill- 
will of the gods, or the influence of evil spirits, as the cause of disease grew up 
through the early association of medicine with religion, which relationship is 
still perpetuated in the medicine man of Indian tribes and the African Voodoo 
priest. Our interest in these two emergency lines of explanation of the hidden 
causes of disease lies not so much in assessing their degree of accuracy as in the 
fact that they likewise attributed causality to external agencies. 

Hippocrates and Galen, as the early exemplars of pure medicine, endeav- 
oured to break entirely with theistic and astral explanations of disease, which 
they did by concentrating on and reasoning from the observation of symptoms. 
Starting again with the middle stage of disease in course, they would explain all 
deviation from health on the basis of faulty mixtures of the hypothetical humoral 
elements of the body. The real contribution to medicine made by these physi- 
cians lies entirely in the identification and symptomatic description of disease 
entities. 

Medicine was destined to return to a correct appreciation of the primary 
importance of etiology through centuries of progress and wandering by at least 
three devious routes. The concentration of the earlier physicians on the symp- 
toms in the patient led first to association of localized changes of structure with 
equally localized evidence of distress. Morbid anatomy was first appreciated in 
its external manifestations, typified in the votive offerings depicting such lesions 
as hernias and tumours that were left at the shrines of deities that had been 
invoked for their ameliorization. The skin eruptions characteristic of smallpox 
and other exanthemata were clearly described by the Arabian physicians about 
1000 A.D. Lesions localized in various naturally concealed parts of the body 
were described by many pathologists as soon as religious and secular laws 
allowed complete examination of the patient after death. Finally, in 1761, 
Morgagni was able to offer a fairly complete description of the anatomical 
changes in the organs from head to foot in correlation with the symptomatic 
disturbances that had preceded them. Bichat early in the nineteenth century 
introduced the conception of a general as well as a localized pathology, by recog- 
nizing the community of certain tissues throughout the body, in addition to the 
well-defined organs, which tissues suffer in common in certain generalized 
diseases. The latest phase in the study of the structural changes in disease was 
introduced by Virchow about 1850, in his description of the finer alterations in 
cells which underlie the more obvious tissue and organ changes. 
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The second line of investigation that has contributed to the understanding 
of disease has proceeded by means of the finer analysis of the functional altera- 
tions that presumably precede structural change. This finer analysis has to 
some extent progressed through the increased acumen of the attending physician, 
first at the bedside and later in the laboratory, but has largely been possible 
through the introduction of experimental methods, particularly by experimen- 
tation on animals. Animal experimentation began with Galen, but was not 
reduced to scientific precision before the work of Harvey on the circulation of 
the blood (1628). Among the lines of experimental research on function that 
have been followed since Harvey’s time there may be mentioned: the study of 
digestion from the work of Beaumont (1832) to Pavlow; the study of sugar 
metabolism, inaugurated by Claud Bernard (1850), and continued to the work 
of Banting; the endocrine disturbances studied first by Bernard and Brown- 
Sequard ; the study of acid base equilibrium begun by Henderson (1906) ; and 
finally the study of the avitaminoses begun by Hopkins in 1912. These investi- 
gations have thrown light not only on normal function, but on such deviations 
from it as occur in disease. They have yielded much information as to what 
happens in the body during the course of disease, but in very few instances have 
they thrown light on the initiating cause of the disease process itself. Since the 
first detected variation from normal in such a disease as diabetes mellitus is 
observed within the body, it is natural to think of the process as originating there, 
in other words, as essentially endogenous. 

It is not, we believe, through chance that the latest line of investigation 
which we have mentioned, the study of the avitaminoses, should have led to the 
clear demonstration that this group of metabolic disturbances is due to external 
deficiencies. It should be recalled that the majority of these chemical deficiency 
diseases, rickets, scurvy, beri-beri, and pellagra were formerly classified as 
metabolic. The diseases at present classified as metabolic, in other words tenta- 
tively endogenous, are for the most part clearly related to endocrine disturb- 
ances. There remain very few pure metabolic diseases such as gout. The further 
fact that at least one of the endocrine diseases, namely, endemic goitre, has been 
traced to a lack of iodine in the diet, makes us ready to believe that eventually 
all such disturbances of the glands of internal secretions may be attributed to 
some external cause. It is difficult to understand, however, how the purely 
hereditary diseases, such as hemophilia, which are transmitted by sex-linkage, 
can be shown to be due to some external originating impulse. They are presum- 
ably caused by a lacking ‘‘gene,’’ but beyond that point information does not go. 
Even in hemophilia the disease is demonstrable ‘s a result of trauma, and the 
hereditary factor is in one sense accessory. 

And finally, the third and most direct approach to the present appreciation 
of the importance of external agencies as the cause of disease lay in the evolution 
of a concept of ‘‘Contagium vivum.’’ The contagious or infectious diseases 
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were early appreciated as different from others, owing to the decimation by 
epidemics for which they were responsible. The early Latin authors suggested 
that living but invisible agents might be responsible for disease, and the concep- 
tion of an animate contagion was formulated as early as 1650 by Hauptmaun. 
The actual detection of the hypothetical living agents of disease began even before 
this period with demonstration of the larger animal parasites in diseased tissue, 
and proceeded, as microscopy advanced, with the discernment of smaller and 
smaller varieties of both animal and plant pathogens. Thus we find the Hel- 
minth that produces liver rot of sheep (Fasciola hepatica) detected by Jehan de 
Brie in 1379; the body louse (Phthirius inguinalis), responsible for a form of 
dermatitis, was described by Redi in 1668. A fungus (Botrytis bassiana) was 
clearly proved to be the cause of the muscardine disease of silkworms in 1837 
(Bassi). Protozoa were first proved to be disease-producing in the case of rabbit 
coccidiosis (Eimeria stiedae) in 1839 (Hoke). The discovery of pathogenic 
bacteria dates perhaps from the description of an Actinomyces in human bone 
lesions by Langenbeck in 1845, and certainly from the discovery of Bacillus 
anthracis in splenic fever (Pollender, 1850). Spirochetes were found to be 
capable of disease production by the discovery of the agent of relapsing fever 
by Obermeier (Borrelia recurrentis; 1873). Rickettsia, first described in Rocky 
Mountain fever by Ricketts (Dermacentroxenus rickettsiae; 1909) are now gen- 
erally regarded as morphological and living units; and even the Chlamydozoa or 
Strongyloplasms within the cell inclusions so characteristic of virus diseases like 
smallpox (1892), may well represent the ultimate living agents of many of these 
diseases. 

The science of Bacteriology as related to disease, established by Pasteur and 
Koch (cirea 1880), has not only proved the autonomy of these minute living 
plants by their growth in pure culture, but clearly demonstrates their ability 
to initiate infection in susceptible animals. In short, through the discovery of 
this series of living agents, plant and animal, disease has again been proved to 
be of external origin in a preponderating number of instances where causation 
was at first unrecognized. 

A survey made a dozen years ago (Gay) led us to attempt a classification 
of diseases on the basis of etiology. A survey of the recognized disease entities 
in systems of medicine agreed singularly well with mortality statistics, and 
indicated that something like 50 per cent. of all disease entities and deaths are 
due to external animate agents. Thirty per cent. are due to chemical or physical 
inanimate agents, likewise external. This leaves 20 per cent. of diseases as of 
unknown causation. The metabolic, endocrine, constitutional, and hereditary 
diseases which we have mentioned lie in the latter category. It should be men- 
tioned that scarcely a year passes without transfer from the group of ‘‘unknown’”’ 
to one of the others where causation is recognized as external, and we see no 
reason but to believe that all diseases will eventually be explained as external in 
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origin. This does not, of course, preclude or minimize the importance of second- 
ary intrinsic causes which predispose to the evolution of disease. 

A survey of the history of medicine, in so far as it explains the nature and 
the natural history of disease, has led us then to a confirmed belief in the 
importance of etiology, not only as essential in the explanation of the evolution 
of any disease process, but as the only means of attaining adequate prevention. 
We believe further that the ancient recognition of certain diseases as external in 
origin has been finally supplemented after many centuries by a renewed belief 
that many more, and perhaps eventually all, diseases will be explained on this 
basis. 

At first glance this conception of the causation of disease that we have 
advanced may seem in opposition to the profound consideration of the ‘‘Dura- 
tion of Life’’ advanced by Robertson and the ‘‘ Biology of Death’’ as recounted 
by Pearl. The experimental and statistical studies of these authors in a difficult 
and fundamental field have shown clearly that unicellular organisms are poten- 
tially immortal. Differentiation in the metazoa leads to mutual association of 
cell groups of varying inherent longevity, the cells of the endoderm being at 
once the most highly differentiated and the shortest lived. ‘‘It is the mutual 
association of cells,’’ in other words, ‘‘which condemns them to mortality’’ 
(Robertson). The breakdown of the least resistant organ system involves the 
disintegration of the body as a whole, and the causes of death may, if one 
chooses (Pearl), be based on that group of cells that upsets the balance of func- 
tion in this manner. Longevity in general seems definitely hereditable, as shown 
in strains of Drosophila. In a sense, then, ‘‘there is a fundamental cause of 
death, and it lies, not outside ourselves, but within ourselves’’ (Robertson). 

Death is usually preceded by disease, and is frequently attributed to it. It 
is obvious that the two terms are not synonymous, since disease may occur with- 
out death, even if we were to admit that death cannot occur without disease. In 
reality death is merely an incident, like fever, in the course of disease, and not 
its logical and inevitable sequence. The cause of disease remains predominantly 
exogenous, whereas the cause of death is internal, in that it seems due to lack of 
sufficient resistance of some particular cell group to the process inaugurated by 
the external causative agency. This negative internal quality of resistance is 
made positive if we paraphrase Robertson’s statement, with which we fully agree, 
and state that ‘‘longevity is due to inherent, hereditable qualities of resistance 
against the external agents of disease.”’ 
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Current theories concerning the chemical processes involved in muscular 
activity postulate that the fuel oxidized is carbohydrate in nature, which makes 
it necessary to assume that before fatty acid and the carbon residue of amino- 
acids can be so used they must undergo a partial oxidation. The liver is 
believed to be the chief seat of this process of gluconeogenesis, although there 
is some evidence that it may also occur in the muscles themselves under certain 
circumstances, as, for example, after the liver has been removed from the circu- 
lation. That amino-acids are a source of carbohydrate is shown, among other 
things, by the fact that ingestion of proteins or amino-acids by diabetic animals 
leads to a marked increase in the excretion of sugar. But direct evidence for 
the belief that fatty acid is converted into sugar is much more difficult to 
obtain, so that indirect evidence has to be depended upon. An account of re- 
searches bearing on this problem was published by me about three years ago 
(1), and it is the purpose of the present paper to review the conclusions then 
arrived at in the light of more recent work. 

According to Meyerhof (2) the respiratory quotient of active isolated frog 
muscle for the entire periods of activity and recovery is unity, indicating that 
a substance with the same empirical formula as a carbohydrate, C,(H20)y, 
is serving as the sole fuel material. I am not aware that these experiments have 
been repeated with precautions to make certain that the amount of CO» 
absorbed by the isolated frog muscle was the same at the end as at the begin- 
ning of the observation. Much work has, however, been done in which the 
R.Q. of mammalian muscle has been determined, and the results do not indicate 
that it is unity. The problem is a most difficult one to investigate, because 
isolated mammalian muscle cannot, like that of the frog, be readily maintained 
in a physiological state by oxygenated artificial saline solution. This has been 
attempted with the diaphragmatic muscle of the rat by Takane (3), who found 
when the muscle was made to contract in an atmosphere of oxygen that the 
R.Q. was 0-79; but no regard seems to have been paid to the buffering power 
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of the muscle towards CO.. That this may be considerable has been shown by 
Ferguson, Irving, and Plewes (4), and by Shaw (5), and Fenn (6). 

Because of these difficulties in using isolated mammalian muscle, the 
methods employed for determining the R.Q. of muscular action have consisted 
in: (1) Analysis of the gases in the blood of the artery and vein of a muscle or 
group of muscles, regard being also taken of the total blood flow. Doisy and 
Beckmann (7), as well as Himwich and Castle (8), have employed such methods, 
and the results are in agreement, in that they show that the R.Q. is usually much 
lower than unity, and, indeed, according to the latter workers, may be no 
different from that of the animal as a whole. (2) Determination of the respira- 
tory exchange of an eviscerated animal. In 1924 Burn and Dale (9), using 
decapitated cats maintained by artificial respiration with a pump, stated that 
the R.Q. rose to and remained at about unity after removal of all the abdominal 
viscera save the liver, which, however, they considered to be practically excluded 
because its entering vessels were tied. This result was interpreted as showing 
that carbohydrate alone was being oxidized by the eviscerated preparation, and 
on this assumption Best, Dale, Hoet, and Marks (10) in 1926 ealeulated from 
the O. which it used the amount of carbohydrate oxidized. They did this before 
and after the injection of insulin. Taking into consideration also the amount 
of glycogen formed in the muscles, they concluded that all of the extra sugar 
which insulin caused to disappear in the eviscerated preparation could be 
accounted for, although they admitted that other factors must also come into 
play in intact animals. In the latter a sufficient increase in the combustion of 
carbohydrate and in the formation of glycogen could not be observed by us to 
account for the large amounts of sugar which seemed to disappear following 
injections of insulin, so that it was suggested that the excess must be deposited 
as some intermediary substance of carbohydrate metabolism (Macleod, 11). 

Since the results on the eviscerated preparation depend on the assumption 
that carbohydrate alone is being oxidized, I suggested to Kilborn that he should 
repeat the observations of Best et al, paying particular regard to the possibility, 
previously hinted at by Verzar (12), and by Murlin, Edelmann, and Kramer 
(13), that over-ventilation, with consequent blowing-off of Co. from the blood 
and tissues was responsible for the high quotients. Kilborn (14) found that 
unless the artificial respiration was very much curtailed after evisceration, 
excessive ventilation of the preparation did occur, and was responsible for the 
high quotient, a conclusion which has been amply confirmed by Irving and 
Plewes (15). The latter have also succeeded, by very careful adjustment of the 
artificial respiration, in obtaining R.Q.’s which were practically the same after 
as before evisceration. Further proof showing that the eviscerated animal does not 
use carbohydrates as its main fuel material has been furnished in this laboratory 
by Anderson, Cleghorn, Macleod, and Peterson (16), who, in order to obviate the 
dangers of artificial respiration, used the decerebrate in place of the decapitate 
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eat. The medullary centres being intact in this preparation, the breathing is 
spontaneously adjusted to its needs, the blood pressure is maintained at a 
normal level, and the body temperature is easily kept constant. It was found 
that, except for a slight temporary rise, the R.Q. was not affected by eviscera- 
tion for periods of at least 5 or 6 hours, during which also the CO, and the 
lactic acid concentrations in the blood remained almost steady. At a later 
stage, accompanying a more rapid increase in lactic acid, the CO» fell in the 
blood and the R.Q. of the respired air mounted towards unity. It is significant 
that high quotients were only observed when the blood CO, had reached a 
certain low level. The results also indicate that the respiratory exchange can- 
not be used as a basis for computing the metabolism in decapitate or decere- 
brate animals unless blood gas analysis shows a normal and constant CO. 
percentage. 

It is therefore apparent that the evidence which has been advanced as a 
result of observations on the behaviour of the R.Q. of eviscerated preparations 
in support of the view that the metabolism of mammalian muscle is restricted 
to carbohydrate cannot be accepted. Similar conclusions were come to, both 
by Mann and Magath (17) and by Markowitz (18), as a result of measurement 
of the R.Q. in hepatectomized dogs, as well as by Starling and Lovatt Evans 
and others (19), who have used the heart-lung preparation. Finally, it is per- 
tinent in this connection to remark that no conclusions regarding the nature of 
tissue oxidation can be drawn from the results of respiratory observations made 
during muscular activity and the period of repayment of the oxygen debt in 
man. The fallacies in this connection have been shown by Best, Furusawa, and 
Ridout (20). 

As the matter stands at present, therefore, the only evidence that the 
oxidative processes occurring in muscle are such as to indicate an exclusive 
combustion of carbohydrate is that reported by Meyerhof. Since this is for 
isolated amphibian muscle, the results have only a doubtful value in relation 
to what occurs in mammalian muscle with the circulation intact. In this case 
the R.Q. indicates either a considerable direct combustion of protein and fat or 
a process occurring in two stages, the first being a conversion of protein and 
fat into carbohydrate by absorption of O., and the second oxidation of the 
carbohydrate. 

Regarding changes other than respiratory, although there can be no doubt 
as to the close association between activity and the disappearance of glycogen, 
both in amphibian and mammalian muscle, it has to be remembered that con- 
tinued contraction can still occur after glycogen has been almost entirely 
removed (Olmsted and Coulthard, 21), and also in muscle poisoned by mono- 
acetate, in which, however, glycogen disappears without lactic acid accumu- 
lating (Lundsgaard, 22). These observations make it apparent that the 
chemistry of muscular activity is by no means the comparatively simple process 
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postulated by Hill and Meyerhof, and it becomes of interest to seek for evidence 
of the presence of intermediary forms of carbohydrate between glycogen and 
lactic acid. Such have been found in the hexose phosphates, but it does not 
appear that these can accumulate in sufficient quantities to account for the 
sugar which disappears under the influence of insulin. This directs interest 
to the possible occurrence of other intermediaries. Assuming that these form 
lactic acid under suitable conditions, their occurrence would be indicated by 
the accumulation of lactic acid in excess of the glycogen originally present 
during post-mortem glycogenolysis. Laqueur (23) has found such an excess when 
frog muscle is allowed to stand in an alkaline buffer solution, and Simpson and 
I have sought for it in mammalian muscle (24). We sometimes found more 
lactic acid to be formed than corresponded to the glycogen found in mammalian 
muscle which had been instantly killed by immersion in liquid air, pulverized, 
and then allowed to stand for some time at or about room temperature, but the 
extreme rapidity with which glycogen disappears under these conditions makes 
it impossible to determine what percentage may have been present in the muscle 
immediately preceding death. It is conceivable, likewise, that considerable 
quantities of the intermediary carbohydrate were already present in the muscle 
before it was frozen, and that it was from these that the excess of lactic acid 
was produced. In fish muscle kept, after excision, on ice, glycogenolysis is 
much delayed, and Macpherson has recently shown in this laboratory that the 
ultimate percentage of lactic acid is always distinctly lower than that of the 
initial glycogen, but in these experiments no alkaline buffer was used. No 
intermediary substance, such as free sugar or hexose phosphate, could be 
identified. 

One of the most noteworthy features of the observations on crushed mam- 
malian muscle is the rapidity with which the post-mortem changes set in. This 
stands out in sharp contrast to what occurs when the muscle is left in situ without 
damage. Under these conditions the glycogen content remains unchanged for 
an hour at least, and the lactic acid meanwhile increases slightly (Anderson 
and Macleod, 25). This lactic acid must have been derived from another source 
than glycogen, and we may suppose that it is the intermediate substance under 
discussion. As to whether its formation is of importance in the intact animal, 
and is exaggerated when insulin is injected cannot be said. 

It is possible, as suggested by Cori and Cori (26), that the chemical process 
by which a carbohydrate-like substance is formed out of fat in muscle is a 
different one from that by which carbohydrate is formed out of protein in the 
liver. These authors believe that hepatic gluconeogenesis is restricted to pro- 
tein, and that glucose is actually produced by the process, so that, when this is 
exaggerated, as in diabetes, the glucose appears in the blood and urine, and 
becomes increased when protein is fed. On the other hand, they consider that 
the intermediary substance produced in muscle from fatty acid does not actually 
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appear as sugar, thus accounting for the alleged fact that feeding with fats 
fails to influence the sugar excretion in diabetes. 

This brings us to an examination of the evidence upon which the view is 
based, that protein, but not fat, can furnish sugar in diabetes. Minkowski, 
who was the first to arrive at this conclusion, based it on the supposed constancy 
of the dextrose to nitrogen ratio, at 2-8 to 1, irrespective of the amount of 
protein undergoing metabolism in the diabetic animal, and it has been consid- 
ered to be upheld by the observation that the respiratory quotient is practically 
the same in a fasting, diabetic animal, after making allowance for the protein 
meanwhile undergoing metabolism, as that resulting from the combustion of 
fat, viz., 0-707. Recent work on experimental diabetes has shown, however, 
that the D : N ratio is far from constant, and that the non-protein respiratory 
quotient may exceed that corresponding to the oxidation of fat (ef. 1). Experi- 
mental diabetes is most satisfactorily induced by withholding insulin from 
depancreatized dogs previously kept free of symptoms of the disease by injec- 
tions of insulin. Under these conditions the diabetes becomes maximal within 
twelve hours after the insulin is withdrawn. In the earlier experiments on such 
animals quotients far exceeding 2-8 to 1 were often obtained by us, and these 
persisted in fasting animals long after all the carbohydrate present in the body 
when the diabetes started must have been exhausted. Sometimes, on the other 
hand, they were much lower. In Soskin’s experiments, which are the most 
recent (27), and in which non-carbohydrate food was allowed in varying quan- 
tity, thus making the experiments comparable with those of Minkowski, it was 
found that the animal, if not too fat, might survive deprivation of insulin for 
a considerable time, in one case 37 days. In a series of nine different dogs D : N 
ratios of about 2-8 (the Minkowski ratio) were obtained only in three. In the 
majority they were considerably lower, which raises the question as to whether 
the animals were really completely depancreatized. All that can be said is that 
no traces of pancreas could be found on careful post-mortem examination. It 
is possible that there may have been some small nodules of pancreas embedded 
in the duodenal walls and inaccessible to operative removal, but as Bowie (28) 
has shown by serial sectioning of the walls of the duodenum, these, when they 
occur, never contain islets of Langerhans. It is unscientific and unfair of those 
who, choosing to cling to the dogma that the Minkowski ratio of 2-8 is the only 
one possible in diabetes, disregard the now overwhelming volume of evidence that 
it may be much higher or much lower, and especially to dismiss the low ratios 
on the ground that pancreatectomy cannot have been complete. 

When the ratio exceeds 2-8 we must conclude, according to Minkowski, 
that fat is furnishing some of the sugar, and when it is below this value it is 
necessary to assume either that less sugar is being produced out of protein, 
which, ex hypothesi, is impossible, or that some of that arising from this source is 
being oxidized. In other words, the Minkowski hypothesis is untenable unless 
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one accepts the view that the tissues of the diabetic organism have entirely lost 
the power to oxidize carbohydrate, and there are some who assert that this is the 
fundamental cause of diabetes. Since, however, abundant evidence now exists 
showing that oxidation of carbohydrate is not seriously depressed in the muscles 
of diabetic animals (Macleod and Pearce, Mann and Magath, Markowitz 
(cf. 18), ete.), nor in those poisoned by phlorhizin (Wierzuchowski, 29), such 
views are untenable, and we may suppose that the low ratios observed by Soskin 
depend on oxidation of a large fraction of the sugar derived from protein. It 
may be that some portions of this sugar are more readily oxidized by the tissues 
(muscles) than others, thus accounting for the oft-observed fact that the D : N 
ratios are higher at the start of the diabetes than later on. As the diabetes 
continues the tissues, quite independently of the presence of insulin, may de- 
velop otherwise dormant powers to oxidize certain portions of the sugar which 
is being produced by gluconeogenesis. 

The assertion that in complete pancreatectomy the respiratory quotient 
does not become raised when sugar is fed, and that all of this sugar is recover- 
able in the excreta, has not been justified by the more recent work of Soskin, 
Hédon, Markowitz, and Campbell, ete. Even in the pseudo-diabetic state which 
is brought on by repeated injections of large doses of phlorhizin, the respiratory 
quotient becomes raised after sugar (especially when this is given in divided 
amounts), and all of the sugar cannot be recovered in the urine (ef. 1). 

From the results of these two different types of experiment, the one con- 
cerning the chemistry of muscle, and the other the metabolism of the diabetic 
animal, we are thus led to the conclusion that a carbohydrate of some kind 
must be the immediate fuel of muscular activity. The only alternative is to 
assume that fatty acid can be directly oxidized by the tissues—since protein 
alone is not metabolized in sufficient amount to provide the necessary calories— 
a view for which there is no evidence deducible, either from direct chemical 
analysis of the muscle or from observations on the so-called non-protein respira- 
tory quotient of diabetic animals. Further research is required before the exact 
nature of this carbohydrate can be revealed, but it is undoubtedly closely 
related to the glycogen of the muscles, and may be linked up in some way with 
phosphoric acid. It is indeed not unthinkable that lecithids are in some way 
involved in this process, and that the fatty acid chains present in them are on 
the way to conversion into some sort of carbohydrate by a process of partial 
oxidation. 
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Der Ausgangspunkt fiir unsere Untersuchungen (5) iiber die Ansammlung 
von Methylglyoxal, das im Stoffwechsel sehr vieler Zucker spaltender Zellen 
auftritt, war die Beobachtung, dass in lange aufbewahrten Trocken-hefen oder 
Hefe-priparaten eine Differenzierung der desmolytischen Teilenzyme zu Kon- 
statieren ist (6). Beispielsweise kann das Vermégen, Zucker zu vergaren 
verschwinden, und die Fahigkeit zur Vergérung von Brenztraubensaure bewahrt 
bleiben. Nach dem gegenwirtigen Stande des Wissens liegt die beste Erklarung 
fiir die erzielte Anhaiufung von Methylglyoxal in der experimentell begriindeten 
Annahme, dass das Coferment ausser Betrieb gesetzt wird, wahrend die eigent- 
liche Glycolase ihre desmolytische Funktion noch ausiibt. Dabei wird im 
Anschluss an die klassische Nomenclatur Claude Bernards mit Glycolase das 
Agens bezeichnet, das die grundsiatzlich bedeutsame Handlung der Glycolyse 
vollbringt. Der prinzipiell wichtige Teil dieser Reaktion ist die Aufspaltung 
der Hexose zum Methylglyoxal, die Zerlegung der 6-Kohlenstoffkette unter 
Bildung des ersten zur 3-Kohlenstoffreihe gehérenden Produkts (I). Dieses ist 
das Methylglyoxal, das dann sekundar von der schon lange bekannten Keton- 
aldehydmutase (3) durch eine intramolekulare Oxydoreduktion zu Milchsdure 
dismutiert wird (II) : 

(I) CgHy2.0, — 2H2O + 2CH;.CO.COH. 
(II) CH, — CO + H, = CH, — CHOH 

| | | 

COH O COOH 

Fiir die Verwirklichung der Oxydoreduktion sowohl der einfachen Alde- 
hyde als der Ketonaldehyde bedarf es nach Untersuchungen von H. v. Euler und 
K. Myrbiack sowie von A. Gottschalk eines Coferments, der sogenannten Co-mu- 
tase (1). Obgleich kochbestindig, ist dieses Coferment allem Anscheine nach 
insofern ein labiles Agens, als es am schnellsten seine Wirksamkeit einbiisst. Das 
hatte sich auch in den Untersuchungen von C. Neuberg und A. Gottschalk (4) 
gezeigt, die folgendes gefunden haben: Alte Hefenpraparate, die nicht mehr 
imstande waren, Glykose zu zerlegen, erlangten nach Zufiigung von Coferment 
die Fahigkeit zuriick, eine normale alkoholische Zuckerspaltung herbeizufihren. 
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Dies heisst mit anderen Worten, dass der Apozymase benannte, des Coferments 
und wohl noch anderer Erginzungsstoffe entbehrende Anteil des zymatischen 
Gesamtkomplexes sehr widerstandsfahig ist. Jiingst haben H. von Euler und K. 
Myrbiack (2) ebenfalls angegeben, dass trockne Apozymase widerstandsfahig ist. 
(Dass zwischen dem Coferment der Girung und der Comutase Unterschiede vor- 
handen sind, braucht hier nicht erértert zu werden.) Man darf nun keineswegs 
Apozymase mit Glycolase identifizieren; denn—von anderem abgesehen— 
enthalt ja die Apozymase alle den terminalen Abbau besorgenden Partialfer- 
mente; ihr fehlen nur die Agentien, die den Abbau zum Methylglyoxal besorgen, 
und ev. einige extrahierbare Aktivatoren. Eine Bestatigung fiir diese Auffas- 
sung ergibt sich aus den im folgenden mitzuteilenden Tatsachen : 

Unsere neuen Befunde bestehen darin, dass bis 20 Jahre lang aufbewahrt 
gewesene Hefen noch Methylglyoxal aus Hexose-di-phosphat bilden. Dieselben 
Hefen sind aber nicht imstande, Zucker nach Zusatz von normalem Coferment zu 
vergaren. Die Funktionstiichtigkeit des Coferments offenbarte sich darin, dass 
es ausgewaschene Trockenhefen jiingeren Datums zur vollen Wirksamkeit zu 
komplettieren vermochte. 

Untersucht wurden folgende Hefenpriparate: Trockenhefen obergarigen 
und untergarigen Charakters, Alkohol-Aether-dauer-hefen, Aceton-dauer-hefen 
und nach dem Krause Verfahren in Pulverform iibergefiihrter Hefen-mazerations- 
saft. Gepriift wurden mit positivem Erfolg 37 verschiedene Hefenpriparate. 
Das Alteste, das sich in der Institutssammlung noch vorfand, stammt aus dem 
Jahre 1911, war also genau 20 Jahre alt. Wenn auch im Prinzip alle diese 
Priaparate gleich wirkten, so haben wir doch die Beobachtung gemacht, dass im 
allgemeinen etwas mehr Enzymmaterial der alten Hefen bendtigt wird, als von 
jiingeren. Die Enzymmengen selbst sind, wie sich aus Nachstehendem ergibt, 
geringfiigig. 

In diesem Zusammenhange méchten wir darauf hinweisen, dass in der Liter- 
atur eine Angabe von E. Sehrt (7) vorhanden ist, nach der Glycolyse noch mit 
2000 Jahre altem Mumienmuskel zu erreichen war, wenn Pulver von frischem 
Pankreas zugefiigt wurde. Der Eintritt einer Glycylose war daraus abgeleitet, 
dass die Drehung einer zugegebenen Glukose-lésung abnahm. Der Deutung 
seiner Versuche hat Sehrt die Anschauung von O. Cohnheim zu Grunde gelegt, 
dass Muskulatur und Pankreas nur zusammen Glycolyse bedingen. Die Vorausset- 
zung Cohnheims ist seither widerlegt, sodass die Mumien-versuche schwer zu 
deuten sind; deshalb wollen wir auch nicht behaupten, dass die zu Grunde 
liegenden Vorgiange vergleichbar sind. In unseren Fallen handelt es sich unzwei- 
felhaft um glycolytische Prozesse. 





Die Versuche wurden in der Weise angestellt, dass in eine 5%ige Lésung 
von hexose-di-phosphorsaurem Magnesium wechselnde Mengen der verschiedenen 
Hefe-praparate (gemiass den Angaben in den Tabellen) suspendiert wurden. 
Bakterienwachstum wurde durch Zugabe von 2% Toluol unterdriickt. 
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Die Versuchsgemische blieben in Stépselfilaschen bei 37° stehen. 

Die Isolierung des gebildeten Methylglyoxals erfolgte, entsprechend den 
Angaben von Neuberg und Kobel (l.c.) in dem mit Trichloressigsdure enteiweiss- 
ten Reaktionsgut durch Fallung mit salzsaurem 2, 4-Di-nitrophenylhydrazin. 

Nach 20 bis 24 Stunden oder auch nach 2 bis 3 Tagen wurden Proben von je 
10 eem den Versuchsgemischen entnommen, mit 2 eem 20% iger Trichloressig- 
sdure versetzt und nach Schiitteln mit etwas Fullererde filtriert. 

Zu den erhaltenen klaren Lésungen wurden je 2 cem. einer heissen salzsauren 
Di-nitrophenylhydrazin-lésung gefiigt, die durch Lésen von 1 g 2, 4-Di-nitro- 
phenylhydrazin in 60 cem siedender 2 n-Salzsiure bereitet worden war. 

Bei Anwesenheit von Methylglyoxal schied sich sofort eine orangefarbene 
flockige Substanz aus, die sich allmihlich absetzte. Die Menge des Niederschlages 
wurde geschitzt ; sie ist in der Tabelle durch Kreuze (+) angegeben. 

Das hexose-di-phosphorsaure Salz wie auch die enteiweissten Ferment- 
gemische liefern fiir sich allein wahrend der ersten 2 Stunden nach Zugabe des 
Reagenzes keine Fallung; spiter tritt zuweilen eine Triibung oder ein gering- 
fiigiger Niederschlag auf, was nicht in Betracht kommt. 

In Versuchen mit Hefepraparaten jiingerer Herkunft und bei Verwendung 
verhialtnismassig grosser Fermentmengen stellte sich neben dem orangefarbenen 
Niederschlag von Methylglyoxal-bis-2, 4-di-nitrophenylhydrazon auch noch eine 
gelbe Fallung von Brenztraubensiure-2, 4-di-nitrophenylhydrazon ein. Zur 
Trennung der beiden Hydrazin-derivate wurde der Niederschlag abfiltriert oder 
abzentrifugiert und das Brenztraubensiure-hydrazon dann mit Sodaldsung 
herausgelést, in welche das Methylglyoxal-bis-hydrazon nicht iibergeht (i). Das 
Brenztraubensiure-hydrazon wurde aus der Sodalésung nach Anséuern mit Salz- 
siure zuriickerhalten. Die Bildung von Brenztraubensdéure wird in den fol- 
genden Tabellen durch das Zeichen * kenntlich gemacht. 


TABELLE 1. 


Versuche mit Trocken-hefen aus Patzenhofer Unterhefe. 


c.cm. 5%ige Methylglyoxal t, bzw. 
Magnesium-hexose- Datum der Brenztraubensaure * 
di-phosphat- Trockenhefe Trocknung nach 20 nach nach 
sung. (g). der Hefen. Stunden 2 Tagen 3 Tagen 
30 ¢.em. 0-1 21.1.1931 ttt ttt tt 
- 0-2 = +t, °° <>" t 
” 0-3 ” er .-— Spur t, * 
; 0-5 : spuri,** —Spurt,** 22, 
” ” 
ns 1-0 " Spur * 2a eee 
30 ¢.em 0-1 27.10.1930 tt ttt tt 
* 0-2 - ad ttt t 
* 0-3 - Spur ft, * a Spur t 
“ 0-5 1 Spur t, ** ea ii 
- 0-8 at Spurt,Spur* *** = 
Mi 1-0 * +e +He 
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c.cm. 5%ige Methylglyoxal t, bzw. 
Magnesium-hexose- Datum der Brenztraubensaure * 
di-phosphat- Trockenhefe Trocknung nach 20 nach nach 
osung. (g). der Hefen. Stunden 2 Tagen 3 Tagen 
30 ¢.cm. 0-1 12.9.1928 ttt ttt tt 
. 0-2 hs ttt ttt tt 
” 0-3 ee ttt ttt tt 
” 0-5 a Spur t ttt tt 
” 0-8 ” id i Spur t¢ 
” 1-0 ” ii ss rar 
30 ¢.cm. 0-1 4.7.1927 tt tt tt 
me 0-2 me tt tt tt 
0-3 = ttt ttt tt 
” 0-5 - ,° ttt tt 
_ 0-8 va tt ttt tt 
- 1-0 i tt ttt tt 
30 e.em 0-1 19.5.1926 tt tt tt 
ee 0-2 i tt tt tt 
0-3 “s ttt ttt tt 
“ 0-5 ¥ ttt ttt ttt 
” 0-8 ” tt tt tt 
ua 1-0 * tt tt tt 
30 e.em 0- 20.2.1923 ttt tt t 
i 0-2 ss ttt tt tt 
‘s 0-3 es ttt ttt ttt 
a 0-5 - tt tt tt 
vi 0-8 ve tt tt tt 
2 1-0 . t* tt tt 
30 e.em 0-1 15.8.1921 t t t 
a 0-2 es t t t 
a 0-3 ai tt tt tt 
‘~ 0-5 pe tt tt tt 
‘. 0-8 i tt tt ttt 
‘ 1-0 me tt ttt ttt 
30 c.em 0-1 15.6.1920 t t t 
- 0-2 se t t t 
” 0-3 - t t t 
3 0-5 i t tt ttt 
” 0-8 9 tt tt ttt 
ms 1-0 ‘a tt ttt ttt 
30 ¢.cm 0-1 10.1.1920 t t t 
* 0-2 - t t t 
. 0-3 i t tt tt 
ve 0-5 - t tt tt 
sy 0-8 “ tt tt tt 
i 1-0 i tt ttt ttt 
“1 
2 
3 
“5 
8 
-0 
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e.em. 5% 

Magnesium 
hexose-di- 
phosphat- Trockenhefe. 

losung. (g) 
20 c.cm. 0-05 
mS 0-1 
a 0-2 
os 0-4 
ms 0-7 
20 c.cm 0-05 
a 0-1 
” 0-2 
2 0-4 
ae 0-7 
20 c.cm 0-05 
os 0-1 
” 0-2 
ve 0-4 
i 0-7 
20 c.cm 0-05 
” 0-1 
” 0-2 
a 0-4 
” 0-7 
20 c.cm 0-05 
“ 0-1 
“ 0-2 
ve 0-4 
” 0-7 
20 ¢.cm 0-05 
a 0-1 
oa 0-2 
a 0-4 
“i 0-7 
20 ¢.cm 0-05 
ss 0-1 
i 0-2 
~ 0-4 

0-7 


a) 


TABELLE 2. 


Name der Hefe. 
Léwen-Boéhmisch 
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Datum der 
Trocknung 
der Hefen. 


13.12.1929 





Versuche mit Trocken-hefen verschiedener Herkunft und verschiedenen Alters. 


Methylglyoxal t, bzw. 
Brenztraubensaure * 


nach 20 nach 2 
Stunden. Tagen. 
ttt ttt 
tt ttt 
t tt 


art," Got, * 
eee eee 


Spur t Spur t 
Spur t Spur t 
t t 

tt tt 

tt tt 
Spur t Spur t 
Spur t Spur t 
t t 

Spur t — 

t t 

tt tt 

tt tt 

tt tt 
Spur t Spur t 
t t 

t t 

t t 

Spur t — 

t t 

tt tt 

tt tt 

t t 

t t 

tt tt 

tt tt 

tt tt 

tt t 

tt tt 
ttt ttt 
ttt ttt 

tt tt 

t t 



















132 C. NEUBERG unp M. KOBEL 
e.cm. 5%ige 
Magnesium Methylglyoxal t, bzw. 
hexose-di- Datum der Brenztraubensiiure * 
phosphat- Trockenhefe. Trocknung nach 20 nach 2 
losung. (g) Name der Hefe. der Hefen. Stunden. Tagen. 
20 ¢.cm. 0-05 Sinner 12.11.1925 tt tt 
ce 0-1 pe ~ tt tt 
” 0-2 ” ” tt tt 
” 0-4 ” ” t tt 
” 0-7 ” ” t tt 
20 ¢.cm 0-05 Sinner 16.12.1921 tt ttt 
ns 0-1 ss a tt ttt 
” 0-2 ” ” t ttt 
” 0-4 ” ” t tt 
” 0-7 ” ” t t 
20 e.em 0-05 Oberhefe Rasse XII 4.6.1923 Spurt Spur + 
” 0-1 ” ” t t 
” 0-2 ” ” tt +t 
ra 0-4 is # tt tt 
” 0-7 a % tt + 
20 e.em 0-05 Oberhefe Rasse XII 30.1.1918 tt tt 
” 0-1 pes as tt tt 
ms 0-2 ea es ttt tt 
” 0-4 9 9 tt t 
” 0-7 ” ” t t 
20 e.em 0-05 Saccharomyces Ludwigii 10.10.1928 ft t 
me 0-1 ‘ F tt +tt 
- 0-2 a # ttt ttt 
” 0-4 ie i t tt 
a 0-7 - a Spur t Spur t 
20 e.em 0-05 Hefensaft nach Krause- 
Miinchen getrocknet 1915 Spur t Spur t ; 
a 0-1 is “ t t 
” 0-2 ” ” t t 
os 0-4 ie a tt tt 
” 0- 7 ” ” t t tt 
20 c.em 0-05 Hefe Schroder Miinchen 1914 t t 
‘a 0-1 = i tt t 
s 0-2 - a tt tt 
” 0-4 ee “ ttt ttt 
” 0-7 ” * ttt ttt 
0-05 Florylin 1911 tt t 
0-1 i ie ttt tt 
0-2 “ ~ ttt ttt 
0-4 pe ss ttt ttt 
0-7 9” ‘ ttt +++ 
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TABELLE 3. 


Versuche mit verschiedenen Hefe-praparaten. 


c.em. 5%ige 


Magnesium- 
hexose-di- g Datum der Methylglyoxal t 
phosphat- Trocken- Nameund Artdes Trocken- Bereitung des Nachl Nach2 
lésung. praparat. praparats. Priparats. Tag. Tagen. 
20 c.cm. 0-05 Sinner-Hefe 24.10.1929 ttt tt 
Alkohol-Aether-Priparat 
om 0-1 = = ttt ttt 
io 0-2 “~ me ttt ttt 
” 0-4 ” ” tt tt 
“ 0-7 re - tt tt 
20 c.cm. 0-05 Verbands-Oberhefe-Alkohol- 1.4,1920 t t 
Aether-Praparat 
” 0-1 ” ” tt t 
i” 0-2 - - ttt ttt 
” 0-4 ” ” ttt ttt 
” 0 4 7 ” ” t t t t 
20 e.cm. 0-05 Zymin (Acetonhefe) 1911 —_ — 
Schroder-Miinchen 
- 0-1 ” ” —_ ese: 
” 0-2 ” ” rt —ae 
” 0-4 ” ” t t 
” 0- 7 ” ” t t 
20 c.cm. 0-05 Getrockneter 1915 Spurt Spurt 
Hefe-macerationssaft 
” 0-1 ” ” tt tt 
” 0-2 ” ” ttt ttt 
s 0-4 a - ttt ttt 
ie 0-7 “ “ tt tt 
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For the study of permeability and of bioelectrical phenomena there are ad- 
vantages in the use of large cells, especially such multinucleate cells as those of 
the fresh water plant Nitella (up to 6 inches long), and of those of the marine 
algae Valonia and Halicystis (up to 2 inches long, reaching in Valoma ventricosa 
the size of a hen’s egg). In these cases the protoplasm form a delicate layer (not 
over 10 microns thick) surrounding a central vacuole filled with sap. Outside the 
protoplasm lies a cellulose wall which is so permeable that it may be neglected in 
the subsequent discussion. 

Some studies on such cells are here briefly summarized. 


1. THE NATURE OF THE PROTOPLASMIC SURFACE. 


In contact with water (external or contained in a vacuole) protoplasm rounds 
up as if covered with a liquid film immiscible with water. Additional evidence of 
such a film is found in the observations of Overton and his followers. Inde- 
pendent confirmation is afforded by the study of large cells. Some instances 
may now be cited. 

(a) Potential differences are commonly observed between the two ends of a 
cell in contact with different salts (chemical effect), or in contact with different 
concentrations of the same salt (concentration effect). In this case oxidation- 
reduction potentials may be ruled out because no metallic electrodes touch the 
cells. Donnan potentials may be neglected in many cases because the observed 
values are much too large (80 to 300 millivolts) to be accounted for in this way. 
Phase boundary potentials require the presence of a continuous phase immiscible 
with water. This is also true of diffusion potentials; for if we calculate ionic 
mobilities on the assumption that the mean ionic activities in the outer proto- 
plasmic surface are proportional to those in the surrounding aqueous solution, 
these mobilities do not fall in the same order as in water, but may be qualitatively 
paralleled in non-aqueous media. If on the other hand we assume the mobilities 
to be as in water, the calculated concentrations in the outer surface of the proto- 
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plasm are strikingly different from those in water. On either basis we must 
conclude that the protoplasmic surface is non-aqueous. 

(b) The assumption that the mean ionic activities in the outer surface of 
the protoplasm are proportional to those in the external aqueous solution has 
proven so useful in predicting bioelectrical effects that it has been adopted for 
purposes of calculation. The mobilities so calculated do not correspond to the 
order of penetration of strong electrolytes. This harmonizes with the idea of a 
non-aqueous surface film permitting little ionization, for in that case electrolytes 
would enter chiefly in molecular form so that the rate of penetration would not 
be directly proportional to ionic mobility. For example, lithium and chloride 
ions meeting at the non-aqueous surface could pass in chiefly as undissociated 
molecules, only to ionize again on emerging into an internal aqueous phase (as 
happens when LiCl traverses a layer of amyl aleohol). The rate of passage would 
then depend chiefly on the solubility (or, better, partition coefficient) and the 
diffusion constant of the undissociated molecule. 

(ce) When the same solution is placed on each side of a layer of protoplasm 
a potential difference is observed which indicates that the inner surface differs 
from the outer. Since the value is too large (up to 80 millivolts) to be explained 
on the basis of aqueous components only, we must conclude that the surfaces are 
non-aqueous. 

It may be remarked in passing that the difference between the inner and 
outer surface is shown in other ways. For example, the outer surface alone 
secretes a cell wall. In Valonia the outer surface seems to be permeable to cer- 
tain substances, such as magnesium and sulphates, to which the inner surface is 
nearly or quite impermeable. The two surfaces not only react differently toward 
sap, but differ in response to injury inflicted by alcohol, by chloroform, and by 
cutting. If we apply manganese to the inner surface (by injecting it into the 
vacuole) the cell dies much sooner than when we apply it to the outside. 

(d) The potential difference across the protoplasm of Nitella may amount to 
300 millivolts with 0-001 M KCl outside (at the same pH value as the sap). In 
the absence of non-aqueous phases such values are impossible with the concentra- 
tion of electrolytes present. 

(e) According to Blinks the protoplasm has a very high effective electrical 
resistance and capacitance. For example, in Nitella the effective resistance is 
about 250,000 ohms per square centimeter, and the capacitance 0-1 to 0-2 micro- 
farads. This implies non-aqueous surfaces. 

Studies on other organisms have led to other views. For example, Ruhland 
states that permeability depends on molecular size rather than on solubility in 
lipoid. But it seems too early to conclude that permeability does not run parallel 
to partition coefficients as expressed in the multiple partition coefficient theory 
of Irwin, which takes into account the differences existing at the inner and outer 
protoplasmic surfaces. 
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Some authors suggest that certain collodion membranes act like the living 
cell. But the protoplasmic surface appears to differ in being liquid rather than 
solid, in allowing electrolytes to pass in other ways than by the exchange of ions 
of one sign only, and in its electrical behaviour (e.g. in respect to capacitance). 

As the protoplasmic layer is not over 10 microns thick, the surface films must 
be much thinner: theoretically they need not be more than 2 or 3 molecules 
in thickness. The feat performed by the protoplasm in spreading such films, 
immiscible with water, between two aqueous phases is remarkable. Their 
thinness makes possible their relatively great capacitance and their permeability 
to water. It should be remembered that a difference of 100 millivolts across such 
a film represents a rather steep electrical gradient. Apparently the smallest 
break in the film causes this to disappear. When the cell dies the surface films 
appear to be disrupted, and the potential differences largely disappear. 


2. THE KINETICS OF PENETRATION. 


As already stated, a non-aqueous surface layer cannot be the seat of much 
ionization, so that electrolytes during their passage through it must exist chiefly 
in molecular form. The passage of ions must in general play a subordinate rdle. 
Equations have been developed for the penetration of molecules and of ion pairs, 
and for exchange of ions. 

In general, the time curve of penetration seems to be of the first order. In 
some cases an approach to the second order is seen, but this may be due to varia- 
tion in the permeability of the individual cells. 

It may be noted that rapid penetration of a weak acid or base does not of 
itself prove that undissociated molecules enter more rapidly than ion pairs, for 
the latter are influenced in the same way as molecules by changes in pH. For 
example, with only the weak acid HA present we have (H)(A)—K(HA), where 
K is the dissociation constant. If we double (H) we double (H)(A) and (HA), 
and since the entrance of the anion A~ as such is proportional to the product 
(H) (A) we double its chance of entering, just as we do for (HA). 

The net amount of A~ entering will (other things being equal) be propor- 
tional to (Ho) (Aco)—(Hj) (Ai) where the subscripts ‘‘o’’ and ‘‘i’’ refer to 
outside and inside respectively. 


3. THE ACCUMULATION OF ELECTROLYTES. 


If we define accumulation as the process by which a penetrating substance 
reaches a higher concentration inside than outside, it is evident that in general 
it requires energy. 

The energy needed for accumulation appears to be associated with the pro- 
duction of certain substances. To explain the fact that we find, in Valonia, 
40 times as much potassium inside as outside, we begin with the fact that the cell 
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continually produces organic acids. We may, for convenience, lump these to- 
gether, and designate them as a single acid HA. Since the cell maintains a lower 
pH value (about 5-8) than the sea water (about 8-0), KOH must enter and com- 
bine with HA (a model has been constructed to imitate this). This would pro- 
duce an accumulation of KA, which could be changed to KCl by the exchange of 
Cl for A (the transfer through the surface layer being in ionic or in molecular 
form, e.g. as HA and HCl). 

The model is formed by a non-aqueous layer, e.g. amy] alcohol, containing a 
suitable acid which we may call HX, with KOH outside and an acid HA inside, 
which is not too soluble in the non-aqueous layer. As fast as this acid passes out 
it must be renewed, just as in the case of the living cell. Under these cireum- 
stances potassium as KX passes inward more rapidly than it passes outward as 
KA, and a marked accumulation occurs. If the model brought about an exchange 
of A for Cl, the analogy would be more complete. 

It is clear that potassium should enter as long as the product (Ko) (OHo) 
is greater than (Kj) (OQHj;), and we should predict that if the internal pH value of 
Valonia should rise sufficiently to make the internal product greater than the 
outer, potassium should come out. This actually occurs when the internal pH 
value is raised by the entrance of NHsz, but, as would be predicted, sodium con- 
tinues to enter because the product (Nao)(OHo) is greater than (Naj)(OHi), 
since the concentration of sodium in the sea water is high (about 0-5 M) as com- 
pared with that of potassium (about 0-012 M). 


The protoplasm of Valonia appears to be much more permeable to KOH 
than to NaOH, but seems to allow NaCl to pass through as readily as KCl. 

It may be added that none of the cells studied appears to be in a state of 
equilibrium, and continual changes of composition seem to be the rule. 


4. BIOELECTRICAL PHENOMENA. 


Certain large cells offer especial opportunities for bioelectrical studies. For 
example, Nitella (with cells up to 6 inches long) acts in some respects like a 
single fibre of muscle or nerve, but with action currents lasting 15 seconds and 
amounting to more than 100 millivolts. Such action currents may be produced 
by chemical or electrical stimulation. 

The experiments indicate that stimulation occurs whenever the potential 
difference of the protoplasm is sufficiently lowered at any one spot. This may 
be done by applying 0-1 M KCl, or by killing a small area with chloroform. A 
rhythmic series of action currents then results. 

The transmission of a stimulus may be blocked by KCI or by killing, but it is 
possible to nullify this by putting a salt bridge around the block. A reversible 
block may be produced by alcohol which, under suitable conditions, may also start 
an action current. 
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Responses resembling action currents in many respects may be brought about 
by mechanical stimulation; they do not obey the law of all or none. 

Some other conclusions drawn from bioelectrical studies have already been 
touched upon. Space is lacking to discuss these, but it may be of interest to state 
that the current of injury may be made positive or negative according to the will 
of the experimenter. 

The effective electrical resistance (already mentioned) is very high: this 
means that the entrance of electrolytes in ionic form must be very slow. The 
capacitance is so large that the time of charge and discharge is very appreciable: 
it resembles polarization rather than a static capacity. 

Since the least departure from the normal appears to involve alteration in 
the cell surface that electrical methods can reveal, they have an especial import- 
ance. One of the greatest difficulties of the study of life phenomena is that in 
attempting measurements we may change or create variables without being aware 
of it. Electrical methods may enable us to minimize this source of error. 
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In his monograph on the chemical basis of growth and senescence, in which 
the author analyzes above all the chemical factors which determine the growth 
of the organism as a whole and of tumours, T. B. Robertson (1) refers also to 
chemical factors which promote certain growth phenomena in the uterus, and 
especially the production of placentomata (deciduomata). It is a more general 
consideration of factors concerned in the growth of tissues composing the sex 
organs, of some more general conclusions concerning tissue growth which we 
wish to contribute to the volume devoted to the memory of one whose work has 
had so stimulating an effect on the study of growth phenomena. 

1. The ovary is the organ which dominates the sexual cycle, and in this 
organ it is the follicle which is the primary structural element, from which 
secondarily develop the other important constituents, namely, the corpus 
luteum, and, in some cases, also the so-called interstitial gland. It is also the 
follicle which, in the course of development, prepares the substance which con- 
trols the growth processes during the follicular phase of the cycle, especially 
those in the vagina, but also those in the uterus and mammary gland. Follow- 
ing ovulation the follicle becomes converted into the corpus luteum, and this 
transformation of the ruptured mature follicle initiates the lutein phase of the 
sexual cycle, in which new substances are produced different from those which 
are active during the follicular phase. A substance given off by the corpus 
luteum causes the predecidual proliferation in the mucosa of the uterus and 
sensitizes the uterine mucosa in such a way that, under the influence of the 
ovum or of certain mechanical stimuli, the maternal placenta or placentomata 
develop. In addition, substances prepared by the corpus luteum prevent ovula- 
ation, and still others may be concerned in the proliferation of the mammary 
gland. 

It is thus ultimately the development of the ovarian follicle which is 
responsible for the character of the sexual cycle, and it becomes of interest to 
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inquire into the factors which determine its growth. The latter depends prim- 
arily upon the mitotic division of the granulosa cells, and it is therefore neces- 
sary to determine the factors which accelerate this division. 

2. In the course of investigations into the sexual cycle of the guinea-pig 
we noticed that it was around the ovum of the growing follicle that the mitoses 
in the granulosa cells were especially frequent. This suggested the possibility 
that the stimulus for the growth of the granulosa cells depends primarily upon 
a substance given off by the ovum (2). Dr. L. S. N. Walsh (3), in continuing 
these studies, showed that during the whole course of the development of the 
follicle definite relations exist between the activity of the ovum and the pro- 
liferation of the granulosa cells. At first the number of mitoses, in proportion 
to the number of granulosa cells, increases as the follicles grow from small to 
medium size, and then it decreases again, the large-sized follicles showing less 
active proliferation than the medium-sized ones. The proliferation reaches 
almost the zero point when the follicle has become mature. We see then that 
medium-sized follicles have the highest growth energy, while in the beginning 
and towards the end of development the growth energy is less pronounced. The 
character of the growth curve of the follicle thus agrees essentially with the 
curve which, as Robertson (4) has shown, characterizes the growth cycles of 
organisms. It is most probable that two antagonistic factors interfere with 
each other in the development of the follicles and bring about this growth 
eurve. The marked decrease in the proliferative energy which takes place when 
maturation occurs is presumably due to the processes of differentiation which 
occur at this stage, and which are opposed to mitotic proliferation. 

Within the follicle the most intense proliferation takes place in the granu- 
losa surrounding the ovum (“the oval granulosa’), and in the small and large 
follicle the area of greatest growth energy is limited to that part of the granu- 
losa which directly surrounds the egg. When, in the medium follicles the 
growth energy increases the region of most intense proliferation likewise in- 
creases, and extends somewhat to neighbouring areas, although it still remains 
located mainly in the oval region of the granulosa. This distribution of the 
mitotie activity suggests very strongly that it is a stimulus given off by the 
ovum which primarily causes the granulosa to proliferate, and in particular it 
is probable that this localization of the growth stimulus is responsible for the 
formation of the cumulus ovigerus. 

3. At the time when Robertson had begun his analysis of the growth- 
promoting factor in the anterior pituitary, we suggested that it was conceivable 
that there was added to the local, endogenous stimulus, given off by the ovum, 
another exogenous stimulus, emanating from the hypophysis, which also would 
influence the growth of the follicle. More recent investigations by Smith and 
Engle (5), as well as by Aschheim and Zondek (6), have shown that inocula- 
tion of the anterior pituitary gland of the rat calls forth a rapid growth and 
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maturation of the follicles in the rat ovary, while Evans (7) observed that 
injections of alkali extract of cattle anterior pituitary cause luteinization, 
rather than growth of the ovarian follicles, and at the same time accelerate 
the growth of the whole organism. Evans attributed this difference in the 
effects of the inoculated anterior pituitary gland as such, and of the injections 
of alkali extracts to differences in the diffusibility of the various substances 
from the inoculated tissue into the circulation of the host. He assumed that 
while the luteinizing hormone and the hormone determining growth of the 
whole organism easily diffuse from the tissue into the surrounding fluid, the 
follicular growth hormone is held back in the inoculated gland, and becomes 
active only after extraction, especially with acid solutions. 

More recently we have carried out a series of investigations in which we 
compared the effects of various anterior pituitary preparations, obtained from 
different species of animals, upon the sex organs of the immature guinea-pig. 
We found that guinea-pig anterior pituitary causes a very marked prolifera- 
tion and early maturation of follicles; this is followed in the course of time by 
ovulation and formation of corpora lutea. There is under these conditions only 
a very slight attempt at the formation of interstitial gland tissue around the 
large vessels of the ovarian medulla. 

Anterior pituitary of the rabbit has two effects: It accelerates the growth 
and maturation of follicles, which subsequently become transformed into 
granulosa pseudolutein bodies; in addition it causes certain hypertrophic 
changes in the theca interna during or at the end of follicular atresia, and 
occasionally a premature maturation of the granulosa in small- or medium-sized 
follicles, thus preventing their further development. The cat anterior pituitary 
acts similarly to that of the rabbit, but it is somewhat less active. Cattle 
anterior pituitary, and various kinds of extracts prepared from it do not accel- 
erate growth and normal maturation of follicles, but cause merely the produc- 
tion of pseudolutein bodies and small pseudocorpora lutea, and of interstitial 
gland from the theca interna. In addition, they induce an early atresia of 
follicles, which usually takes place before the follicles have reached medium 
size. This latter effect is largely due to the hypertrophy of the thyroid gland, 
which these cattle preparations produce in the guinea-pig within a short time. 
As a result of this hypertrophy and the associated hyperactivity of the thyroid 
gland, an increase in the basal metabolism, and, resulting from it, a loss in 
weight and under-nourishment occur. Thus the ovaries become hypotypical, 
owing to lack of foodstuffs (8). But even in cases in which there is no loss of 
weight in the guinea-pigs to which preparations of cattle anterior pituitary 
have been given, atresia of follicles occurs without noticeable acceleration of 
follicular growth and maturation. While the substance which directly or in- 
directly causes the follicular atresia, and in some cases subsequent luteiniza- 
tion of follicles, is evidently present in the cattle anterior pituitary, the sub- 
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stance responsible for the normal growth of follicles is apparently present only 
in smaller concentration in cattle than in the other species we have tested. 
There is also in the anterior pituitary of the other species a component present 
that stimulates the thyroid gland, but the quantity of this substance varies in 
different species; it is present in the smallest quantity in the anterior pituitary 
of the guinea-pig, which mainly accelerates the follicular growth. 

Urine of pregnant women, supposed to contain anterior pituitary sub- 
stances which act on the ovaries, does not noticeably accelerate the growth and 
maturation of follicles, but it causes a very extreme production of lutein bodies 
by transforming theca interna as well as granulosa into pseudolutein tissue. 
In the end there results a marked formation of interstitial gland tissue, which 
occupies by far the larger portion of the ovary. In general, we can then state 
that it is only the anterior pituitary of the guinea-pig which causes, almost 
exclusively, accelerated growth and maturation of the follicles and subsequent 
ovulation ; substances from all the other species studied so far not only do not 
accelerate ovulation, but as a rule they seem to inhibit it. This statement holds 
good if we use as the test object young female guinea-pigs. 

4. The question now arises whether these differences in the effects of the 
anterior pituitary of different species are due to differences in the quantity of 
the active principles present in these species, or whether qualitative differences 
exist. In order to determine this point, we varied the quantities of the various 
anterior pituitary preparations which we administered to the female guinea- 
pig. While such variations caused modifications in the intensity of the effects 
obtained, they did not essentially change the character of the effects observed. 
We may therefore assume that the difference in the effect of various anterior 
pituitary preparations is due to differences in the character of the active agents 
contained in this gland or in the relative proportions of the two substances 
present, one promoting the growth and the other injuring the follicles and 
causing their luteinization, or lastly, we may have to deal with a specific adap- 
tation between the anterior pituitary of different species and their sex organs. 
Thus it is exactly the anterior pituitary of the guinea-pig which in the guinea- 
pig causes growth and maturation of follicles as well as ovulation, whereas the 
anterior pituitary preparations from the other species act differently. 

There are also recorded in the literature some observations which we may 
interpret in a similar manner. Thus E. P. Smith and Engle (5) found that 
inoculation of immature rats with rat anterior pituitary accelerated the growth 
and maturation of follicles and ovulation, while Evans observed that alkali 
extracts of cattle anterior pituitary caused in the rat merely an extensive lutein- 
ization and prevented ovulation. Similarly E. Allen (9) noted that in the 
monkey inoculation of monkey anterior pituitary produced growth of follicles 
whereas inoculation of dog anterior pituitary did not have this effect. It 
seems then that the anterior pituitaries of guinea-pig, rat, and monkey 
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exert specific growth-promoting effects on the ovaries of these animals respec- 
tively, while the anterior pituitaries of strange species do not. Further investi- 
gations must show which of these different interpretations is the correct one, 
and on the solution of this problem depends also the answer to the question as 
to whether the anterior pituitary in general provides the exogenous stimulus 
for the growth of the ovarian follicles, which thus would act in addition to the 
endogenous stimulus provided by the ovum. 

5. There are therefore three effects, which are partly antagonistic to each 
other, exerted by the anterior pituitary on the sex organs, namely, (a) a hypo- 
typical condition of the ovaries; (b) luteinization (production of granulosa, as 
well as theca interna pseudolutein bodies and of interstitial gland) ; and (c) the 
growth and normal maturation of the follicles. There remains the question as 
to the relation between (a) and (b) and the effect (c). There is no doubt that 
the effects (a) and (b) are antagonistic to (c), and that the former two repre- 
sent presumably different degrees of injurious action. While (a) leads to a 
degeneration of the granulosa and atresia of follicles, (b), the luteinization 
represents an injury of lesser intensity. We may assume that a mildly injurious 
factor may exert a certain stimulus, as on the theea interna and granulosa cells, 
which thus undergo hypertrophy and differentiation, and even a temporary cell 
multiplication, but that at the same time the cytoplasmic differentiation, associ- 
ated with these processes, leads to an inhibition of further cell proliferation, and 
concomitantly it may modify the function of these cells. 

In support of this interpretation we may not only refer to the well-known 
relations between quantity of stimulus used and the effects obtained, as 
expressed in the Arndt-Schultz rule, but there exists also an experimental basis 
for this conclusion. Thus Steinach (10) observed that, under the influence of 
Roentgen rays, interstitial gland is produced in the ovary of the guinea-pig, 
and more recently, in experiments carried out in our laboratory, Genther (11) 
found that it is an injurious action of medium intensity, standing midway 
between that causing destruction of follicles on the one hand, and lack of 
injury on the other hand, that induces the transformation of theca interna of the 
guinea-pig into interstitial gland, and also leads to the production of pseudo- 
lutein bodies. Either directly or indirectly the injury to these cells, instead of 
leading to complete degeneration, calls forth a reaction, which substitutes 
differentiation for the normal growth of these tissues. A corresponding in- 
jurious reaction takes place as the result of internal conditions when, at a 
certain stage of its growth-period, the granulosa undergoes maturation, and 
therefore ceases to grow. Old age phenomena in general seem to represent 
reactions of a similar type; they are apparently caused mainly by internal 
readjustments which are inadequate. In general, various kinds of abnormal 
stimulations may cause hypertrophy and hyperplasia of more resistant tissues, 
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and these reactions may be closely associated with injurious changes in more 
sensitive parts. 

6. We see then that two kinds of stimuli, namely, a specific substance given 
off by the anterior pituitary and the less specific action of X-rays may both 
produce the same characteristic effect, the conversion of certain ovarian struc- 
tures, theca interna or granulosa into pseudolutein-like structures. The 
specificity in this reaction thus depends evidently not on the character of these 
external factors, but upon the character of the cells and tissues on which these 
extraneous factors act. The same stimuli, when acting upon other cells and 
tissues, are devoid of effects comparable to those which we observe in the case 
of the ovary. The changes thus produced experimentally in the ovary corres- 
pond to changes that take place normally ; ovulation and the conditions associ- 
ated with it give rise to the formation of a corpus luteum, and in various species 
there exists normally interstitial gland tissue in the ovary, which may perhaps 
also be due to the specific effect of anterior pituitary substance. 

We find thus in this case an instance of a more general relationship between 
stimulus and substratum in organisms. The structure and metabolism of cells 
and tissues and of the whole organisms represent the specific conditions, while 
the environmental factors which act as stimuli on these complex organizations 
quite commonly are of a much less specific character. What we found in the 
case of the lutein tissue holds good also in the ease of placental tissue and placen- 
tomata (12). Normally we observe that maternal placenta is produced under 
the influence of the fertilized ovum fixing itself on or in the mucosa of the 
uterus. Experimentally it can be shown that the stimulus emanating from the 
ovum can be replaced by much less specific stimuli of a mechanical nature, 
leading to certain disturbances in the equilibrium of the uterine mucosa. How- 
ever, not every abnormal condition applied to the uterus leads to such a re- 
action, e.g., ligature of a uterine horn does not cause the formation of placen- 
tomata. The specificity in this case is of several kinds. In the first place there 
is a specificity residing in the tissues; and here experimental analysis makes it 
possible to determine what tissues have this type of specificity. Secondly, there 
is the action of the corpus luteum, which sensitizes the specific tissues, but not 
others. As far as we know now, the lutein substance cannot be replaced in its 
action by any other substance; neither is there at present any prospect that we 
shall succeed in transferring to any other tissue the specific character of a 
special tissue which would make the former responsive to the particular stimuli 
to which the latter are adapted. The extraneous factor residing in the ovum is 
much less specific. It can be replaced by certain mechanical factors. 

7. We have then to deal with two specific factors, namely, the structure of 
the uterus and the corpus luteum action, and, in addition, one relatively non- 
specific factor, consisting in the action of ovum and of mechanical stimuli. 
Now, the question arises as to the manner in which the second and third factors 
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co-operate in inducing in the uterus the characteristic placentoma formation. 
Our own interpretation has been that we have to deal in this case with a specific 
sensitizing effect of the corpus luteum, which alters the receptivity of the cells 
of the uterine mucosa to various stimuli which thus would act directly on these 
cells. However, it has been suggested by MacKenzie (13) that placentoma 
formation called forth in this way is really the result of the hyperemia which 
occurs under these conditions. We would therefore have to deal with a non- 
specific mechanism placed between the specific causative factors and the specific 
result. However, this interpretation seems to us not correct, because it can be 
shown that placentoma formation may take place even in pieces of uterus trans- 
planted subcutaneously, provided they have previously been sensitized by the 
corpus luteum; under these conditions, in which a marked alteration in the 
distribution of blood-vessels occurs, it is not probable that the placentoma 
formation should depend upon an increase in blood supply furnished by dilated 
vessels. Of course, hyperemia accompanies increased activity of tissues, but 
it does not seem to us the essential factor in the mechanism of placentoma for- 
mation, and in growth in general, but rather a secondary factor in a complex 
chain reaction, in which direct chemical and physical alterations of the mucosa 
cells represent the primary and most important conditions. 

8. A combination of specific and non-specific causative factors, and the 
particular structure of the tissue on which the stimuli act, which, as stated 
above, our analysis has demonstrated in the case of the placentoma and lutein 
reactions, are of general importance as far as reactions in living organisms are 
concerned. Thus, under natural conditions, fertilization represents a specific 
process, depending on the entrance of the spermatozoon into the egg. Experi- 
mentally, as far as cell multiplication and differentiation are concerned, this 
process has been split by Jacques Loeb and subsequent investigators into two pro- 
cesses, a strictly specific part and a less specific one. The specificity in the 
above-mentioned case depends upon the structure of the egg, which cannot be 
replaced by any other type of cells. The less specific part consists in the activity 
of the spermatozoon. Owing to the difference in their structure, the eggs of 
different species differ to a certain extent, as far as their response to external 
stimuli is concerned. In that respect the egg behaves like the uterus, which 
also shows species differences. 

The experimental analysis of the phenomena of life so far has consisted in 
some cases in the substitution of other external factors acting on an organism, or 
on a unit composing it, for the one factor which normally, under experimentally 
uncontrolled conditions, sets the reactions into motion. Thus we learn to know the 
character of the stimuli and of environmental factors in general involved in 
certain functions, and we may learn to replace more specific and complex fac- 
tors by simpler ones. In other cases we have altered the mode of reaction of 
the organismal unit to certain conditions by changing through various physical 
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or chemical factors the reactivity of the substratum in a way corresponding to 
spontaneous or to abnormal variations in these organisms. Or we may experi- 
mentally learn of potentialities in the response of organisms which were un- 
known before. Thus the experiments of Muller and his associates have shown 
that under certain conditions it is possible to produce mutations, and so to alter 
permanently the structure and metabolism of organisms; but even in this case 
the experiment brings about at will, and thus makes possible for us to analyze 
only that which in a similar manner was known to take place spontaneously 
under uncontrolled conditions. 

9. Furthermore, by means of such experimental reactions we may learn 
that differences exist between tissues which structurally are apparently iden- 
tical. Thus it is impossible for us to detect differences in the connective tissue in 
various organs by ordinary means; apparently connective tissue is everywhere 
identical in its constitution and reactions. In reality, however, as the placentoma 
reaction teaches us, the connective tissue of the uterine mucosa differs in its 
reactions, and presumably therefore also in its constitution from the connective 
tissue in other organs. It is only the former which can be sensitized through 
lutein hormones and respond with a placentoma reaction; at least, this holds 
good as far as the guinea-pig is concerned. Neither the connective tissue of the 
Fallopian tube nor that of the vagina or of the vaginal cervix reacts in such a 
way. On the other hand, in the uterine cervix the connective tissue begins 
already to assume some of the characteristics of the uterine connective tissue. 
These conclusions need, however, a certain reservation, inasmuch as there re- 
mains the possibility that this difference in the reaction of the connective tissue 
in different organs depends upon interactions between it and the surrounding 
epithelial tissue. We cannot at present quite exclude the possibility that the 
sensitization is transmitted to the connective tissue through the adjoining 
epithelium, and that it is the latter which is responsible for the specificity in 
the reactions of the former. 

10. During the first phase of the sexual cycle, which we have designated 
as the follicular phase, the follicular hormone dominates the situation. This is 
followed by the lutein phase, in which the corpus luteum is the dominating 
organ. There exists, therefore, a fairly sharp separation between the action of 
the follicular and lutein hormones, as far as time relations are concerned. As 
to the spatial spheres of influence of these two hormones we shall see that the 
division is not everywhere as delimited. On the whole, the follicular hormone 
controls the growth of the vagina, especially the proliferation of its epithelium, 
but also that of its connective and muscle tissue. It also causes a certain 
relatively weak stimulation of the uterus and a stimulation of the mammary 
gland. On the other hand, the corpus luteum sensitizes the connective tissue 
of the mucosa of the uterus to the action of mechanical stimuli, and causes a 
predecidual growth of the connective tissue, capillaries, and glands in the 
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uterine mucosa. In addition, it apparently exerts, according to Ancel and 
Bouin (14) and Hammond (14a), a growth-promoting effect on the mammary 
gland of the rabbit. However, in the guinea-pig the ordinary cyclic corpus 
luteum does not exert such a stimulating effect. Here we find a distinct stimu- 
lation taking place only during pregnancy and after extirpation of the uterus 
(15), but also in these two states the growth of the mammary gland becomes 
manifest only after a lapse of time which exceeds the length of the normal 
eycle, during which there is no growth in the guinea-pig. Considering the in- 
ability of the cyclic corpus luteum to produce growth processes in the mam- 
mary gland of the guinea-pig, it becomes doubtful whether the corpus luteum, 
unaided by other agencies, is able to produce proliferation of the mammary 
gland. Especially the recent experiments of Corner (16), who did not succeed 
in initiating proliferation of the mammary gland by means of injections of 
corpus luteum extracts, which were active as far as their effects on the uterine 
mucosa was concerned, suggest that other factors, in addition to the corpus 
luteum, may be concerned in this reaction. 

11. We have seen that there is a division between the spheres of influence 
of the follicular and lutein hormones; the vagina is dominated by the former, 
and the uterus, to a large extent, by the latter. In the cervix situated between 
the vagina and uterus, we find both spheres of influence. In the course of the 
normal sexual cycle, the vaginal cervix proliferates under the influence of the 
follicular hormone in a manner similar to that seen in the vagina; but the growth 
takes place with a diminished energy, and this diminution is gradual and pro- 
portional to the distance of the respective areas from the vagina. The inter- 
mediate cervix is not responsive to either follicular or lutein hormone. As the 
uterine cervix is approached the mucosa begins to behave somewhat like that of 
the uterus, the nearer the zone is to the uterus the more marked is the effect of 
the lutein hormone. We may then conclude that there is not a sharp division 
between vaginal and uterine sphere as far as the structure and metabolism of the 
cervix are concerned ; there is no boundary line, on one side of which the tissue 
behaves like the vagina and on the other side like the uterus, but there is a gradual 
transition from one to the other zone, from without inwards, with decreasing 
vaginal and increasing uterine characteristics on either side of an intermediate, 
indifferent zone (17). 

What we observe during the normal cycle we find confirmed experimentally 
through the injection of preparations containing the follicular hormone, the same 
gradation in the effects being noticeable under these conditions. On the other 
hand, if we prolong the life of the corpus luteum, as can be done through extir- 
pation of the uterus in the guinea-pig, changes of a different kind take place in 
the vagina and correspondingly in the cervix; the superficial layer of the 
epithelium of the vagina becomes swollen, vacuolated, and filled with mucoid 
material, and this change extends from the vagina to the uterine cervix, and may 
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even affect a part of the latter. We may attribute this condition to the long- 
persisting effect of the corpus luteum on the epithelium of the vagina, and of the 
greater part of the adjoining cervix, and this conclusion is confirmed through the 
observation that this condition occurs normally during pregnancy, when likewise 
the corpus luteum persists for a long period of time. Correspondingly Hisaw 
(18) and P. Gley (19) produced this condition experimentally in the vagina of 
the rat through injection of corpus luteum extracts. 

We may then assume that there is a gradation in the structure and metab- 
olism of the tissue extending from vagina to uterus, and that there is associated 
with this gradation in structure a gradation in the chemical characteristics de- 
termining the effect of certain hormones which are antagonistic to each other. 

12. In different species the structure of the experimentally produced placen- 
tomata differs in accordance with the differences which we observe in the struc- 
ture of the normal placenta. Thus in the guinea-pig it is the connective tissue 
of the uterine mucosa which is mainly concerned in the proliferative and differ- 
entiation processes leading to the development of placentomata, while in the 
rabbit the epithelium takes a significant part, in addition to specific changes in 
the underlying connective tissue. We see then that in different species we have 
not only to deal with a difference in the intensities of certain processes affecting 
the same kind of tissues in all, but that different tissues are affected in different 
species. Again the specificity in the reaction depends upon the specificity of 
the substratum, upon which the experimental factors act. 

In order to obtain the placentoma formation we must apply the stimulus 
somewhere between the third and ninth day following ovulation, the maximum 
effect being obtained approximately six days after ovulation. This corresponds 
to the time when, in the guinea-pig, the fertilized ovum fixes itself normally in 
the uterine mucosa and calls forth the formation of the placenta. The experi- 
mental analysis thus proves that the period of maximum sensitization of the 
uterine mucosa by corpus luteum hormone coincides with the time when this 
sensitization is needed for the fixation of the ovum and the development of the 
placenta. 

Similarly, in the guinea-pig, where the duration of pregnancy is much longer 
than in the rabbit, the growth of the mammary gland in the pregnant animal 
sets in normally much later than in the rabbit. Correspondingly, by experi- 
mental means it is possible to induce readily the growth of the mammary gland in 
the rabbit by effecting an ovulation with the subsequent growth of a corpus 
luteum, even without the presence of pregnancy, whereas in the guinea-pig it is 
not possible to obtain these effects through such experimental procedures. Again 
we see that it is the structure and metabolism of tissues which are specific for 
each species, and that they differ in different parts within the same organism, as 
well as in the same part of different organisms, and that these specificities deter- 
mine the reactions which take place under normal as well as under experimental 
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conditions ; also that in all essential respects our experimentally produced effects 
are merely imitations of the changes which occur, apparently spontaneously, 
under the influence of normal stimuli, and, furthermore, that even the time factor 
which enters into the normal reactions largely determines the results which we 
obtain experimentally. 

13. We have referred to the limitation in the period of sensitization of the 
uterus to certain mechanical stimuli which takes place under the influence of the 
corpus luteum.. We have also referred to the regulatory influence which the 
corpus luteum exerts on the duration of the sexual cycle by inhibiting ovulation. 
Of these two most important functions of the corpus luteum, the one regulating 
the length of the cycle, by preventing an ovulation, and incidentally thus pro- 
tecting the pregnant organism against an interference which might endanger the 
continuation of pregnancy, persists during the whole time of the preservation of 
the corpus luteum, whereas the sensitization of the uterine mucosa is limited to 
the early period of life of this organ. The difference between these two func- 
tions of the corpus luteum is especially striking during pregnancy, when, not- 
withstanding the presence of very large corpora lutea which prevent a new ovula- 
tion, the uterine mucosa does not respond to stimuli which during the cyclic 
period of sensitization would lead to the production of placentomata. Similarly, 
when following an incomplete extirpation of the uterus we succeed in prolonging 
the life of the corpus luteum for a long time, we find that incisions made into the 
remaining portions of the uterine horns do not lead, at least in our experience, 
to the production of the placentomata. In interpreting this difference in the 
length of duration of these two functions, we considered two possibilities: (1) It 
is conceivable that the hormones produced by the corpus luteum, which are re- 
sponsible for these two functions, are distinct, and that the sensitizing hormone 
is produced only during the early period of the life of the corpus luteum. (2) It 
is possible that the hormones are not distinct, but that the difference in action is 
due to a difference in the structures on which the hormone acts; in one case, the 
hormone acts on the ovary, and in particular on the mature or maturing follicles, 
while in the other it acts on the uterine mucosa. It seemed therefore possible 
that the early stage of sensitization of the uterine mucosa is followed by a re- 
fractory period, in which the hormone is produced and distributed through the 
circulation in the same way as during the earlier period of sensitization, but that 
now the uterus no longer responds to this stimulation. More recently Weichert 
(20) has advanced a different interpretation. He believes that in order to 
accomplish an effective sensitization of the uterine mucosa the lutein hormone 
must be aided by the follicular hormone, and because the follicular hormone is 
active only during the early period of the cycle, the period of sensitization is 
correspondingly limited. Against this interpretation it may be urged that, during 
pregnancy and after incomplete hysterectomy in the guinea-pig, follicles continue 
to mature, and thus presumably to produce and give off follicular hormone, with- 
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out any sensitization in the uterine mucosa being noticeable, notwithstanding the 
presumable functioning of both well-developed corpora lutea and maturing fol- 
licles. This fact, as well as some others, makes it probable that, in addition to the 
follicular hormone, if this should be of significance in this case, other factors 
play a part in determining this mechanism. That at least during pregnancy 
other factors play a réle is clearly shown by our observation that if we extirpate 
in the guinea-pig during pregnancy all corpora lutea, and this, in accordance 
with expectations, is followed by a new ovulation and the liberation of follicular 
hormone, a sensitization of the uterine mucosa does not take place. 

14. While it is possible that, as far as certain functions (growth of mam- 
mary gland, and possibly the sensitization of the uterine mucosa) are concerned, 
follicular hormone and lutein hormones may intensify each other’s action, there 
are strong indications that in regard to other functions these hormones are 
antagonistic to each other. This antagonism may be a direct or indirect one. 
We shall first discuss an antagonism which is exerted indirectly through the pre- 
ventive influence which the corpus luteum exerts on ovulation. By preventing 
ovulation the maximum effects of the follicular hormone on vagina, uterus, and 
mammary gland, which immediately precede or accompany ovulation, are like- 
wise prevented. We showed that the corpus luteum exerts such an effect, namely, 
the prevention of ovulation, through extirpation of the corpora lutea, in three 
series of experiments (21). 

(1) If we extirpated the corpora lutea at an early stage of the ordinary 
sexual cycle in the guinea-pig, we found that the next ovulation is acceler- 
ated. In the control animals it occurred between the 16th and 18th day fol- 
lowing the preceding ovulation, in the large majority of cases; in two cases 
it took place after 133 and 14} days respectively. But after excision of the 
corpus luteum within the first week following copulation a new ovulation 
occurred in the majority of cases between the 10th and 15th day following the 
previous one ; in some cases it occurred even as early as 84 and 9 days after ovula- 
tion. In our long experience with the sex functions of the guinea-pig we have 
never observed an ovulation taking place, under normal conditions, at so early a 
period. Subsequently Papanicolaou and Stockhard (23) have confirmed our re- 
sults. However, when these investigators state that after extirpation of the corpora 
lutea the next ovulation takes place 11 days following the preceding one, this can 
mean only that it may occur at this date in some cases. We found that even after 
complete extirpation of the corpora lutea certain variations in the duration of 
the sexual cycle are quite common, owing to the interference of secondary condi- 
tions. Thus the limiting factor in the duration of the cycle after extirpation of 
the corpora lutea is the time necessary for the full growth and maturation of the 
follicles. In addition, some other more or less accidental factors of minor import- 
ance may influence the date of the next ovulation. Thus we could show that by 
making incisions into the uterus it is possible to retard the onset of the next ovula- 
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tion very definitely, so that in the majority of cases it takes place between 20 
and 30 days after the previous one. Under-nourishment and disease may also 
retard ovulation, even after a preceding extirpation of the corpora lutea. In 
part, at least, this is due to the hypotypical condition of the ovaries, with its 
accompanying lack of maturation of follicles. 

(2) An even more definite proof that the corpus luteum prevents ovulation 
could be obtained through extirpation of the corpora lutea at early stages of 
pregnancy in the guinea-pig. Normally no ovulation occurs during pregnancy. 
But if in this animal the corpora lutea are completely extirpated between the 
3rd and 8th day following a fertile copulation, we observed in numerous experi- 
ments that ovulation takes place between 11 and 18 days following copulation. 
If we examine the guinea-pig at this time we find a living embryo attached to a 
normal placenta in one, or sometimes in both, uterine horns. 

(3) Equally conclusive is the experiment in guinea-pigs, in which through 
hysterectomy the occurrence of ovulation has been suspended, without pregnancy 
being present. The corpora lutea in this case are long-persisting, similar to those 
of pregnancy, and in a like manner they prevent ovulation; but if we extirpate 
the corpora lutea completely in such animals, a new ovulation occurs, notwith- 
standing the previous extirpation of the uterus (22). 

All these experiments prove definitely that it is the corpus luteum which 
regulates the duration of the sexual cycle and prevents ovulation during preg- 
nancy. If the extirpation is incomplete, and a single corpus luteum, or even a 
part of a corpus luteum, is left behind, these may exert the same inhibiting effect 
on ovulation as multiple corpora lutea, whereas extirpation of other parts of the 
ovary proved to be without a marked effect on the duration of the sexual cycle. 
Our results were confirmed subsequently by Stockhard and Papanicolaou (23), 
Papanicolaou (24), P. Gley (25), Parkes (26), and Hisaw (27), and the four 
last-named authors succeeded also in inhibiting ovulation by repeated injections 
of extracts of corpus luteum. In this connection it must, however, be stated that 
as Kountz and the writer have shown (28), even injections of follicular extract 
given daily to guinea-pigs may prevent or at least quite definitely retard ovula- 
tion. 

We may therefore consider it as a well-established fact that, during the 
ordinary cycle, during pregnancy, and in the hysterectomized guinea-pig the 
corpus luteum prevents ovulation. However, contrary to the views which we 
find quite commonly expressed even by recent authors, the corpus luteum does 
not need to prevent the maturation of follicles under these conditions. At least 
in the guinea-pig maturation of follicles proceeds normally not only during 
the ordinary cycle, but also in the pregnant and in the hysterectomized 
guinea-pig. It is only those changes in the mature follicle which immediately 
precede and accompany ovulation which are inhibited under the influence of the 
corpus luteum. All our subsequent investigations have confirmed our early 
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observations concerning this point. However, it may be that different species 
differ in this respect, and it would be of interest to compare the conditions found 
in different species with those obtaining in the guinea-pig. 

15. Indirectly, through preventing ovulation, the corpus luteum thus pre- 
vents the growth processes which normally take place in the vagina in the fol- 
licular phase directly preceding ovulation, under the influence of follicular 
hormone. But there are in addition very strong indications that the corpus 
luteum antagonizes also in a more direct way the effect of the follicular 
hormone. We would interpret in this sense the fact that Kountz and Loeb (28) 
found it more difficult to initiate these growth processes through injection of 
follicular hormone in a hysterectomized guinea-pig than in a guinea-pig recently 
ovariectomized, or in one undergoing the ordinary sexual cycle. Similarly, 
during pregnancy we found it difficult to initiate the typical growth processes in 
the vagina through injections of follicular extract. As stated above, in both these 
conditions the superficial layer of cylindrical epithelium in the vagina is much 
enlarged, vacuolated, and filled with mucoid material; these swollen epithelial 
cells press upon the underlying cuboidal layer, and flatten it out, and it is this 
euboidal layer which, through mitotic proliferation, gives origin to the thick 
layer of squamous keratinized epithelium observed at the time of ovulation as the 
result of the action of follicular hormone. It seems then that the persisting 
corpora lutea of the pregnant and hysterectomized guinea-pig not only lead to 
the inactivation of the vaginal epithelium, such as we find in the immature and 
castrated guinea-pig, but that they are responsible for the special condition to 
which we referred above. 

It is very probable that also the corpus luteum of the ordinary sexual cycle 
exerts a similar inhibiting effect on the vaginal epithelium ; but we found it more 
difficult to prove this through injection of follicular extract, perhaps owing to 
the fact that the smaller cyclic corpora lutea undergo degeneration at a much 
earlier date than the corpora lutea of the pregnant or hysterectomized guinea-pig. 
Whether this difference between the cyclic corpora lutea and the persistent cor- 
pora lutea is one of kind, or merely of quantity, is not quite certain. However, 
we are inclined to the opinion that it is mainly a difference in the intensity of 
action exerted by these two types of corpora lutea. In favour of this interpre- 
tation we may cite the fact that also in the ordinary cycle it is only in the period 
following the degeneration of the corpora lutea that the follicular hormone, given 
off by the well-developed follicles, or perhaps also by other agencies, is able to 
call forth the proliferation of the vagina; and it does not seem necessary that 
at this time of the cycle mature follicles exist in order to obtain this effect in the 
vagina. On the other hand, during the lutein phase of the ordinary cycle, during 
pregnancy, or after hysterectomy, even the presence of mature follicles is unable 
to initiate an active proliferation of the vaginal epithelium. 

16. There is some indication that not only typical corpora lutea, but also 
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various pseudolutein structures (granulosa pseudolutein bodies, theca interna 
pseudolutein bodies, and interstitial gland) may exert an inhibiting effect on the 
proliferation of the vagina. By comparing the structure of the vagina, in cases 
in which pseudolutein structures were well developed and in others in which they 
were lacking, we found no instance of a full proliferation of the vagina in the 
former condition in contrast to the latter condition in which a marked prolifer- 
ation could be obtained, provided the other factors needed for such a result were 
present. However, the question as to whether the various pseudolutein structures 
which we mentioned behave alike in this respect, or whether there is some differ- 
ence between the different types of pseudolutein formations, this needs further 
investigation. 

17. We have referred above to certain differences in the function and also 
in the structure of sex organs in different species. Thus in the rabbit the mam- 
mary gland very readily proliferates during the lutein phase of the sexual cycle, 
while the mammary gland of the guinea-pig, which shows a definite growth dur- 
ing the follicular phase, is inactive during the lutein phase of the ordinary cycle. 
Furthermore, in the ovaries of different species we find great differences in the 
development of the so-called interstitial gland (29), and probably also in the 
power of resistance to injurious conditions on the part of the corpus luteum. 
Thus in the rat and mouse the corpus luteum undergoes degenerative changes at 
an early stage of the sexual cycle, and this is probably the reason why, in the rat 
and mouse, the normal cycle has a much shorter duration than in the guinea-pig, 
in which the corpus luteum remains preserved for a longer period of time. On 
the other hand, in the rabbit it may be the very marked development of the 
interstitial gland of the ovary which is responsible for the lack of spontaneous 
ovulation in this species. There is thus a higher threshold for the occurrence of 
the conditions which initiate ovulation in the rabbit than in the guinea-pig. 

Now in connection with the difference in the duration of the sexual cycle 
in the guinea-pig, and in the rat and mouse, it is interesting to note that in the 
rat, in which the shortness of the cycle requires the presence of mature follicles 
at an early date following the previous ovulation, there is lacking that very exten- 
sive atresia of follicles, especially of the larger and medium-sized ones, which 
is associated with ovulation in the guinea-pig; thus it is possible for follicles 
within a short period of time to reach a large size and to become mature in the 
rat, and to be ready for the next ovulation. In the guinea-pig, however, where 
the longer duration of the cycle provides ample time for the development of 
small into medium and large-sized follicles before the following ovulation initiates 
a new cycle, a much more complete atresia of follicles, preceding and during the 
rupture of the mature follicles, does not prevent the full maturation of follicles 
in time for the next ovulation. 

18. It is differences of this type between sex organs of various species which 
in all probability are responsible also for the difference which we found in the 











156 LEO. LOEB 


effect of hysterectomy on the ovary and sexual cycle in the guinea-pig and in 
the rat (30). In the guinea-pig extirpation of the whole or of the greater part 
of the uterus leads to an initiation of the essential features of pregnancy. As 
we stated above, the corpus luteum remains preserved for a long period of 
time, probably even for a longer time than in the case of normal pregnancy, 
and consequently ovulation is suspended. As in the pregnant guinea-pig, so 
also in the hysterectomized one the follicles continue to grow to full size and to 
mature during this period, and the mammary gland proliferates, although it 
does not reach the size which it reaches during the latter part of pregnancy. 
Furthermore, the vaginal epithelium in both cases undergoes similar mucoid 
changes. Thus we can with greater justification apply to the condition obtain- 
ing in the hysterectomized guinea-pig the term “pseudopregnancy” than to the 
condition found in the ordinary sexual cycle, to which usually this term is 
restricted. 

19. Now, if we study the effect of hysterectomy in the rat, instead of in 
the guinea-pig, we find that here it does not have the typical results described 
by us in the case of the guinea-pig. In the rat the pericdicity of the sexual 
cycle is not markedly affected by a complete extirpation of the uterus. However, 
it would in all probability be erroneous to conclude therefrom that in the 
guinea-pig we have to deal with conditions different in kind from those obtain- 
ing in the rat; I believe it to be much more probable that, in principle, the 
relations between uterus and corpus luteum are the same in both species, and 
that also in the rat the uterus tends to exert a definite effect on the ovary, but 
secondary factors intervene in this mechanism and alter the character of the 
manifestation of this interaction. We may suggest that it is a greater tendency 
to degeneration and a lesser power of resistance on the part of the rat corpus 
luteum, which are responsible for the differences found between these two 
species; hysterectomy in the rat is thus unable-to overcome the tendency to 
early degeneration inherent in the corpus luteum of this species. As we stated 
above, it is probably this marked tendency to degeneration of the corpus luteum 
in the rat which is likewise responsible for the early cessation of function of 
the cyclic corpus luteum and for the brief duration of the sexual cycle in this 
species as well as very likely in the mouse. Thus it would be possible to 
attribute to one and the same factor the differences which are found in the 
duration of the sexual cycle and in the effects of hysterectomy in the guinea- 
pig and in the rat. 

20. It is customary to distinguish between primary and secondary sexual 
characteristics. There are indications that a larger number of functions and 
structures than those usually included among the secondary sexual character- 
istics are affected in the female organism by the cyclic changes which take 
place in the ovary. Thus in association with Frances L. Haven we studied the 
changes which take place in the proliferative activity of the epidermis in the 
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guinea-pig during the sexual cycle (31), and we found it diminished during 
the greater part of the cycle as compared with the average proliferative activity 
found in the male of corresponding weight and age. This diminution affects 
the follicular as well as the lutein phase. The activity rises again toward the 
end of the cycle, at a time when a new oestrus is approaching, and when neither 
follicular nor corpus luteum substances are active. On the other hand, during 
pregnancy a new factor enters, which causes an increase in the mitotic activity 
of the epidermis as compared with the proliferative activity during the ordinary 
sexual cycle, and, moreover, there seems in this condition to be a diminished 
tendency to keratinization. Considering the similarity which we found in the 
sex organs during pregnancy and after hysterectomy in guinea-pigs, it is of 
interest to note that also after hysterectomy the proliferative activity of the 
epidermis is greater than during the ordinary sexual cycle, although it does 
not reach so high a point as during pregnancy, and likewise the tendency to 
keratinization is relatively low in the hysterectomized animal. In these two 
respects, therefore, pregnancy and hysterectomy affect the epidermis in the 
guinea pig in a similar manner, and thus we find further reasons for insisting 
on the great resemblance in the conditions which are peculiar to pregnancy and 
to hysterectomy. 
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From 1897 to 1903 the author endeavoured to find and perfect methods for 
determining the distribution of electrolytes in animal and vegetable tissues, and 
succeeded in doing so for a number of them, including specially the chlorine 
of chlorides and potassium in nerve fibres, the results of the use of which were 
published in 1904-1906 (6 and 7). In 1912 (8) he published the results of 
further studies on nerve fibres, in which these methods were employed. During 
the last six years he has on occasion continued these studies, and now in this 
contribution offers the results so obtained. 

The extension of these studies at various times throughout the last twenty- 
eight years is justified by the importance of the results obtained, for a know- 
ledge of the character and distribution of the electrolytes in the axons of nerve 
fibres must be regarded as basic to an understanding of the function of these 
structures. No one else in all that time has attempted to develop this know- 
ledge except Macdonald (12, 13), who studied the distribution of potassium in 
nerve fibres. The reason for this is, it seems, that a knowledge of microchemical 
technique and a high degree of skill in applying it are involved, which are not 
now widely diffused amongst those who might be inclined to engage in this line 
of research. It is to be hoped, however, that in the near future such research 
will engage the attention of investigators highly trained and very capable of 
rightly interpreting their findings. 


THE MICROCHEMICAL METHODS EMPLOYED. 


The technique is not as yet an extensive one, and includes chiefly the micro- 
chemical reaction for potassium, introduced by the author in 1905, and that for 
chlorides in 1906, in the axons of nerve fibres. 

The reagent then used for the localization of potassium in animal and 
vegetable tissues was the hexanitrite of cobalt and sodium, CoNag(NOz2)¢, in 
a specially prepared solution which, added to a solution of a salt of potassium, 
immediately precipitates the latter as Co(NO.)33(K/Na)NO.+nH,20. This 
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reagent, as specially prepared, is very sensitive, and, when carefully used, can 
indicate the presence of one part by weight of potassium in 500,000 parts of 
water. The precipitate, which is orange-yellow in colour, is but very slightly 
soluble in ice-cold water which may be used to wash out the uncombined part of 
the reagent from tissue preparations on which it has been used. As the orange- 
yellow colour of the precipitate in tissue elements may not be pronounced enough 
to demonstrate its presence under the microscope, it may be strikingly revealed 
in the preparations with a mixture of ammonium sulphide and glycerine, which 
converts the cobalt of the precipitate wherever it obtains into the black cobalt 
sulphide, the occurrence of which in the preparations indicates the distribution 
of the potassium therein as observed under the microscope. 

When this reagent was first used twenty-eight years ago attention was given 
to the fact that ammonium salts also give a precipitate with the reagent. This 
precipitate is, however, very soluble in ice-cold water, which can be used to 
remove it from tissue preparations in which it may occur, and thus prevent 
any confusion with the potassium precipitation. At that time the preparations 
of creatin available, labelled “purissimum,” were found to give precipitates 
with the reagent, and as creatin is present in muscle fibre and, it is maintained 
by some, in traces in the nervous system, it was necessary to give attention to 
this in studying the distribution of potassium in these tissues. It was found, 
however, eight years ago, that absolutely pure creatin gives no precipitate with 
the reagent, and that the preparations of it available twenty-five to forty years 
ago, made as they were by extraction from vertebrate muscle, which is relatively 
rich in potassium salts, consequently contained these. 

It must also be noted that the solution of the reagent, when used, must have 
been more or less recently prepared, for, as the writer found experimentally 
some five years ago, solutions of long standing, for example more than two 
months, while they readily precipitate potassium from solution of its salts in 
a test tube, and also, though less readily, in tissue preparations, leave more or 
less abundant traces of a cobalt salt, not that of the precipitate containing 
potassium, in the cellular elements. These traces are difficult, and sometimes 
even impossible to remove by long treatment with ice-cold water, a procedure 
which readily extracts the uncombined reagent. In such preparations there- 
fore, when treated with ammonium sulphide, the cobalt compound uncombined 
with potassium gives the black cobalt sulphide reaction, just as does the pre- 
cipitate containing potassium. This renders the localization of potassium in 
preparations wholly impracticable with old solutions of the reagent. The use 
of such solutions for the localization of potassium in animal and vegetable 
elements must therefore be avoided. This explains why the results of Lloyd 
(5) on the use of the reagent on vegetable preparations must be wholly ques- 
tioned, for the solutions of the reagent which he used in obtaining them were, 
at least in some cases, many months old. 
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The nature of the alteration in the reagent thus involved, is unknown. 
When the reagent is kept at low temperatures in bottles with accurately fitting 
glass stoppers the alteration is less rapidly developed, but eventually, that is after 
several months, it renders the reagent quite unserviceable for microchemical 
work. Consequently a solution of the reagent, even when kept at low tempera- 
tures and in bottles with accurately fitting stoppers, should not be used to deter- 
mine the localization of potassium in tissues four weeks or so after its preparation. 
Indeed, to eliminate all possibility of obtaining erratic results, it is well to use 
preparations of the reagent not older than two weeks. 

The technique involved in the microchemical localization of chlorides in 
tissue preparations is of a comparatively simple kind. Silver nitrate of 0-1N 
concentration (1-7%) in 1-5% nitric acid will precipitate one part of chlorine 
in 1,000,000 parts of water, but if sunlight is allowed to act on the preparation 
one part of sodium chloride may, with the reagent, be detected in 1,000,000 parts 
of water, that is, one part of chlorine in 1,600,000. The light reduces about 
8 per cent. of the argentie chloride (AgCl), which is white in colour, to the sub- 
chloride (Ag»Cl), dark in colour, and thus renders very distinctive the presence 
of the precipitate, however exiguous it may be. There are no other com- 
pounds in tissues which, with silver nitrate in the presence of nitric acid, react 
similarly. At one time it was supposed that proteins do react thus, but the 
author found that these, freed from all traces of chlorides, give, when treated 
with the reagent, absolutely no products reducible by light. Creatin, once 
believed by the author to give a reducible product, was later found to give none 
when the preparation of creatin used was chemically pure. 

In the microchemical detection of phosphates the reagent used is a solution 
of ammonium molybdate to which nitric acid has been added. This precipitates 
phosphoric acid from its salts as ammonium phospho-molybdate, which, in dilute 
solutions of phosphates, takes time to develop, sometimes as long as 15 to 20 
minutes, and it therefore may diffuse throughout the solutions before it separates 
from these in an insoluble form. In tissue preparations this diffusion does not 
readily occur, for the cellular elements and fibres hold in them the compound as 
it is formed, and its distribution is little, if at all, altered. As it is of lemon- 
yellow colour, which may not be distinctive under the microscope, the prepara- 
tions should be treated with a freshly-prepared 3 per cent. solution of phenyl- 
hydrazine hydrochloride, which converts the yellow compound into a dark green 
one, owing to the formation of the dark green molybdic oxide, which is not 
formed from the reagent if phosphoric acid is not present in it. In this way 
one part of P.O; is revealed in 560,000 parts of water. In preparations on 
which the reagent has been allowed to act for 15 to 20 minutes phosphates may 
thus be revealed. 

It must be noted that phosphorus occurs in tissues in other combinations 
than as inorganic phosphates from which the element is liberated as phosphoric 
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acid if the reagent is allowed to act on them for a more or less prolonged period. 
These are the nucleoproteins and phospholipins. The former do not offer much 
difficulty in localizing inorganic phosphates in tissue preparations, for their 
phosphorus is only slowly liberated from them as phosphoric acid by the reagent, 
of phospholipins. To prevent therefore, the reagent liberating phosphoric acid 
is more readily set free by the reagent, and thus may obscure the presence of 
the inorganic phosphates originally present. lLecithins are soluble in alcohol, 
and especially in ether, which may be used to extract them from water-free tissue 
preparations ordinarily, but not readily or completely from medullated nerve 
fibres, for the medulla of these is limited externally by the neurilemma, through 
which lecithin, dissolved in ether, appears to diffuse very slowly, and thus 
medullated nerve fibres after long extraction with ether may still contain traces 
of phospholipins. To prevent therefore, the reagent liberating phosphoric acid 
from these, and to demonstrate the presence of the inorganic phosphates only, 
it suffices to allow the reagent to act for a short time only, 20 minutes at most. 

For inorganic iron in tissues the most sensitive reagent is a 0-3-0-4 per cent. 
freshly prepared aqueous solution of haematoxylin. This, when added to a 
ferrous or ferric salt, or to a ferric hydrate, gives immediately a dark compound, 
which in the ease of ferrous salts settles out immediately or soon as a precipitate 
dark blue in colour, in which the iron is firmly combined with the haematoxylin. 
This reaction is given by no other inorganic element in tissues, for the salts 
of calcium are inert, while the salts of copper, which may be present in 
animal tissues, and which may react with the reagent, occur in them in such 
excessively minute traces as to be practically negligible in affecting the 
haematoxylin when it is used to demonstrate the occurrence of inorganic iron 
compounds. 

To demonstrate the iron, ‘‘masked’’ in organic form in tissue preparations 
it is necessary, after they have been ‘‘fixed’’ in alcohol, to treat them for twenty- 
four hours with sulphurie acid alcohol, in which the concentration of the acid 
is 4 parts by volume in 100 of absolute alcohol. This liberates the ‘‘masked’”’ 
iron as ferrous sulphate, which, after the preparations are treated with absolute 
alcohol to remove traces of sulphuric acid, and subjected to the action of the 
haematoxylin reagent, reacts with the latter, and so indicates the distribution of 
the ‘‘masked’’ iron thus liberated. 

There is one electrolyte, sodium, the presence of which in the axons of nerve 
fibres is in question. There has as yet been found no microchemical method of 
localizing this element in tissue preparations, and consequently its occurrence in 
them, or absence therefrom, can only be inferred from quantitative estimations 
of it in large amounts of the tissue, but how it is distributed in the cellular and 
other elements of such tissue cannot be determined directly. 

The possibility of exactly determining the localization of the inorganic 
elements in cellular and other tissue elements by microchemical methods, has been 
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called in question on several occasions during the last eight years, because it was 
supposed that with all such methods of determining localization there is prone 
to develop the periodic precipitation characteristic of the Boehm-Liesegang kind, 
and, in consequence, the localization of an electrolyte revealed by a method for 
demonstrating it, may not be that which obtained in the cellular and tissue 
elements before the reagent was applied to them. Liesegang (4) himself, in a 
review and criticism of Lloyd’s findings with the use of the reagent for potas- 
sium, states that, because of the periodic precipitation which is liable to occur, 
the localization of potassium in tissues as carried out by the author is impossible. 

The author in 1889 repeated Boehm’s experiments in which capillary tubes 
filled with egg albumen were treated with a solution of argentic nitrate, produc- 
ing in them a periodic precipitation like that which obtains in nerve fibres simi- 
larly treated, as shown in the Frommann’s lines. This was nine years before 
Liesegang published his first paper on periodic precipitation as demonstrated in 
rings in films on plates. From 1897 on the author gave further attention to this 
periodic precipitation under many conditions, and found eventually (1906) that 
in nerve fibres it was brought about by chlorides present in their axons. In 1906 
he gave attention to the periodic precipitation produced in capillary tubes filled 
with albumen (purified) or gelatin, in which potassium nitrate was dissolved, 
and which were treated with the cobalt reagent. On many occasions in the last 
twenty-five years similar experiments were made with other material and under 
various conditions, and the author is consequently quite cognizant of all that is 
involved in this periodic precipitation. 

Periodic precipitation is due to diffusion, more or less slow, of the reagent 
used from a limited point of its application. If the reagent were at once applied 
to the whole of the object itself, penetrating it immediately everywhere, there 
would be no periodic precipitation. This rapid penetration can be ensured by 
making very thin sections of tissues, with the CO.— freezing microtome 
method, and dropping them, while still in the frozen condition, in the reagent. 
It can also be ensured if the elements of a tissue, cells and fibres, can be isolated 
from each other while still fresh and at once subjected to the action of the 
reagent. In this way the possibility of periodic precipitation of potassium and 
of the chlorine of chlorides in tissues may be eliminated, except in trichomes and 
capillary glass tubes, into which the reagents used enter at the ends and slowly 
penetrate their contents. 

The investigator of the microchemistry of animal and vegetable tissue should 
have an expert knowledge of chemistry and cytology, skill in the use of the re- 
agents he employs, and, above all, a judgment that will enable him to interpret 
correctly the results he may obtain. The skilled cytochemist also should not be 
deterred from undertaking research in this line simply because critics of his 
results, who have done no microchemical work of any sort, or who, if they have, 
are inexpert novices in it, may decide that such results are of the Boehm- 
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Liesegang character. The distribution and réle of electrolytes in living matter 
are fundamental problems which should, and will be, investigated in the near 
future, regardless of the complex exemplified in a certain type of critic. 


THE RESULTS. 


The occurrence of electrolytes in the axons of nerve fibres has never been 
quantitatively determined. Indeed, the presence of any electrolytes in them 
was unknown until 1905, when the author and Dr. Menten (7) found that a 
chloride or chlorides obtain in them, and the author (6) demonstrated that potas- 
sium salt or salts occur in close association with them. Macdonald (12 and 13) 
later confirmed the latter finding. 

Whether, however, other electrolytes, for example sodium and phosphates, 
are present in the axons has hitherto not been demonstrated. As stated above, 
there is no microchemical method yet found for the demonstration of sodium in 
any of its salts in animal and vegetable tissues. Its presence in them may be 
shown by its quantitative estimation, but this does not indicate how and where 
in them it occurs, especially in nerve tissue in which the axons constitute but 
a small part of the whole, for Ellison (2) has estimated that in 100 parts of the 
cleaned median nerve of the horse 63 parts consist of connective tissue, 37 parts 
of medullated fibres, in which the axons alone are only 9 parts. 

Aleock and Lynch (1) determined quantitatively the potassium and chlorine 
in the median and splenic (non-medullated) nerves, and also in connective tissue, 
and found that, while in the latter the two elements were 0-043 and 0-333 per 
cent. respectively, in these nerves they were 0-132-0-178 and 0-267-0-275 per 
cent., but in the nerve fibres of the splenic nerve they were by calculation 
0-381 and 0-154 per cent., and that in the axons of medullated nerves the potas- 
sium and chlorine may amount to, but not exceed 1-17 and 0-722 per cent. 
respectively. From this it would appear that if sodium is present in the axons 
it, and possibly potassium, must obtain there as other than chlorides. 





EXPLANATION OF PLATE. 


Note. 


In all the figures the distribution of potassium, as revealed by the cobalt sodium 
hexanitrite method, is indicated by the black shading. 


Figure 1. Section of fresh Gasserian ganglion of dog. Microphotograph made with 
low power magnification. 


Figure 2. Nerve cell from same section. X 800. 


Figure 3. Transverse section of two medullated nerve fibres from fresh sciatic nerve 
of dog. X 800. 


Figure 4. Nerve fibre of the ischiadic nerve of frog. X 680. 
Pigure 5. Motor end plate from the gastrocnemius of the guinea pig. X 680. 
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The cerebral tissue is freer from adventitious elements than is a nerve out- 
side it, and analyses of the human brain, as made by Geoghegan (3), indicated 
that potassium exceeded the sodium in it by 50 per cent. at least, and in one 
case by nearly 100 per cent. Dr. Alman Fletcher, under the author’s super- 
vision, found the Na : K ratio in the cerebrum of the sheep to be 1 : 1-76, in 
the grey matter of the same 1 :1-46, and in the white matter 1: 1-74. This 
would indicate that potassium is relatively more abundant in the white matter, 
constituted chiefly of medullated fibres without neurilemma sheaths, than it is in 
the grey matter, but it is in the latter more abundant absolutely than it is in the 
white matter. 

When, twenty-six years ago, the author gave attention to the demonstration 
of potassium in nerve fibres, he found the element in slight quantities in the 
medullary sheath closely associated with its neurokeratin network, in the imbri- 
cations of Lanterman, and also at the nodes of Ranvier, where the axon had been 
exposed by forcing apart the medullary sheath of each segment on either side 
of a node. In such cases the potassium was found on the surface of the axon, 
and it extended thus for some distance under the medullary sheath. In not a 
few instances the potassium cobalt precipitate was found in rings about the axon 
and under the medulla, like the Frommann’s lines or rings, regularly disposed 
over nearly a whole internodal segment in each case. 

At that time the author did not express, except very guardedly, any conclu- 
sion as to the distribution of potassium salts under the medullary sheath of a 
nerve fibre, except to say that potassium salts are not confined to the nodes, being 
distributed between the sheath and the axon, but that it is characteristic of the 
nodes to display them in abundance. 

Macdonald (12 and 13) used the cobalt reagent to demonstrate the distri- 
bution of potassium in nerve fibre, and found it to occur, as did the author, but 
he concluded that potassium is uniformly distributed throughout the length of 
the axon, and that it can only be demonstrated at those points of a nerve fibre 
where it is injured, because elsewhere, that is, in the uninjured portion of the 
axon, the potassium is so combined, ‘‘masked,’’ that it will not react with the 
cobalt reagent, and that it is liberated from this ‘‘masked’’ condition, to react 
with the reagent, only in the injured portions of the fibre. 

In 1910-12 the author (8) endeavoured to overcome the difficulties involved 
in demonstrating the presence of potassium in or on the axons. The chief diffi- 
culty is involved in the great impenetrability to the reagent used of the medul- 
lary sheath, the neurilemma, and, if there is such a separate element, the axo- 
lemma. This impenetrability is shown when a solution of silver nitrate and nitric 
acid is applied to isolated medullated fibres: the reagent enters them only at 
the nodes of Ranvier where the neurilemmas and the medullary coats of the two 
adjacent internodal segments meet. The reagent does not in the slightest degree 
otherwise enter the axon, and it diffuses in for a short distance, as shown by the 
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Frommann lines formed, but if the medullary sheath and the neurilemma are 
torn from the fibre the silver chloride formed is shown on the exposed part of 
the axon. When the cobalt reagent is similarly applied it appears to enter the 
axon less readily or only scantily, if at all, at the nodes of Ranvier, but if the 
sheath is torn away the reagent gives a distinct precipitate, showing potassium 
along the surface of the exposed axon, and on it for some distance under the 
sheath in either direction. 

Why there should be such impenetrability is intelligible. The axon is an 
extension, more or less plastic, of the cytoplasm of a nerve cell, an extension of 
a semifiuid, colloidal character, of which the form is maintained so long as it is 
confined within the medullary sheath of a medullated fibre or within the neuri- 
lemma of a non-medullated fibre, for when a nerve is cut across, the substance of 
the axons extends out from the central cut ends of the fibres in an irregular 
fashion and undergoes degeneration, unless the extension in each case enters 
the sheath or neurilemma of one of the distal cut fibres, in which it proceeds till 
it re-establishes the course of the cut fibre. When such degeneration occurs it 
must be due to the direct action of the constituents of the lymph on the exten- 
sion of the exposed, more or less plastic material of the axon. The sheath and 
neurilemma protect against such degeneration, and it must be because they are 
impenetrable to the constituents of the lymph outside them. 

To avoid the difficulty which this impenetrability to the reagents involves, 
the author at the time above mentioned (1911) resorted to the use of very thin 
sections of the fresh Gasserian ganglion of the dog cut with the CO.— freezing 
microtome, and dropped, while still frozen, in the cobalt reagent, which immedi- 
ately penetrated all parts of the axon as well as of the sheath in the fibres trans- 
versely cut. When sections were so treated for about 15 minutes, then washed 
with ice-cold water to remove such of the reagent as was not combined with potas- 
sium, and finally were treated with ammonium sulphide in glycerine, in a few of 
them, when viewed under the microscope, the cobalt sulphide reaction obtained 
both in the sheath and inside it. That of the sheath was diffused through it, and 
apparently minute in amount, but that inside the sheath was confined to the 
space around the axon formed apparently by shrinkage of the latter away from 
the sheath. The reaction between the sheath and the axon undoubtedly indicated 
there the presence of potassium on or in the surface of the axon, the interior of 
which gave not the slightest evidence of the presence of this element. 

Regarding this finding the author later entertained some doubt, chiefly 
because the preparations which furnished it were few, and because one is not 
often successful in making sections of fresh ganglia or of nerves by the COo— 
freezing microtome method in thickness less than 10%. Such thin sections are 
difficult to prepare and to treat successfully, and in consequence there may be 
many failures. There is another difficulty, as to whether the reaction which 
apparently indicated the presence of potassium uniformly diffused in the sheaths 
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of such preparations, could be accepted as doing so. When the cobalt reagent is 
used on the intact fresh fibre it penetrates the neurilemma and myelin sheath 
slowly, and only in the neuro-keratin network of the latter are traces of potas- 
sium revealed. Why then a different result in cross sections of medullated 
fibres? 

In thin cross sections of fresh medullated fibres the reagent must penetrate 
the myelin sheaths much more readily than in the intact fibres because the neuri- 
lemma cannot prevent its entrance therein. Once therein, the myelin sheath, 
because of its lipoid character, does not readily yield to ice-cold water the un- 
combined reagent diffused in it, even after half an hour of treatment with ice- 
cold water, although elsewhere in such sections the uncombined reagent is thus 
easily extracted. More prolonged treatment with ice-cold water was in some 
eases found to remove all the uncombined reagent from the sheath, but it also 
seemed to lessen the amount of the combined reagent on the external surface of 
the axon, doubtless because it is not wholly insoluble in cold distilled water when 
long subjected to it. 

The apparent lack of absolute certainty regarding the presence or absence 
of potassium in the myelin sheath led the author on a number of occasions during 
the last six years to repeat the experiments on the localization of potassium in 
the case of cross-sections of fresh medullated fibres, using for this purpose the 
sciatic nerves of the dog and cat. The sections were made with the CO.— 
freezing microtome, and they were dropped, while still in the frozen state, in the 
reagent, in which they were not allowed to remain for more than five minutes, 
in some cases for not more than three, in order to lessen the time for the reagent 
to penetrate into the myelin sheaths, after which they were repeatedly washed 
with ice-cold water for not more than ten minutes. As a result in a number of 
successful preparations the cobalt reaction was absent from the myelin sheaths, 
but distinctive on the external surface of the axons (figure 3), and none was 
found in the interior of the latter. 

That the interior of the axons should be free from potassium, while on their 
surfaces or in the latter it should obtain, is in line with what is found in the nerve 
cells from which these axons are derived. In thin sections of the fresh Gasserian 
ganglia of the dog made with the CO.2-freezing microtome, and dropped, while 
still frozen, into the cobalt reagent, potassium salt or salts were found condensed 
on, or in the immediate vicinity of, the surface of the nerve cells (figure 1), 
while in the interior of these no potassium was demonstrable. It would appear 
then, that the condensation of potassium on or in the surfaces of the axons of 
medullated nerve fibres is but a continuation thereon of the condensation of 
potassium on (or in?) the surfaces of the nerve cells from which the axons arise. 

With what anion or anions is the potassium thus revealed, associated ? 

A great part, if not all of it, must obtain as chloride. When very thin 
cross-sections of the sciatic nerve of the dog, made with the CO.— freezing 
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microtome, are placed in 0-1N AgNOgz in 1-5 per cent. HNOs, and after ten 
minutes therein are washed, exposed to bright light, and mounted in glycerine, 
the dark silver subchloride reaction is found on the surfaces of the axons, and 
often between them and the myelin sheaths investing them. Sometimes, though 
very infrequently, the dark reaction was found to extend, yet very slightly, 
inside the surface of the axon, but when so found it was not as marked as when 
it was wholly localized in and on the surface of the axon. The explanation which 
may be ventured for this is that in such cases the reagent, as it penetrated, 
caused slight diffusion of the silver chloride it formed before it was fixed in 
position. 

It is evident, then, that a large portion at least of the potassium occurring 
on or in the surface of the axons is combined as chloride. The question whether 
all of the potassium condensed there is so combined arises from Alcock and 
Lynch’s finding that in the axons of medullated nerve fibres the potassium 
does not exceed 1-17, while the chlorine does not exceed 0-722 per cent. 
The author regards the basis of this calculation as doubtful, but the finding can- 
not be wholly disregarded, as 1-17 per cent. potassium would, if present as 
chloride, require 0-97 per cent. of chlorine, or a third more than Alcock and 
Lynch postulated as possibly present. This would require that some other 
anionic element than chlorine is combined with a third part of the potassium. 

The only anionic element which one can suggest as present is PO,, which 
would unite with potassium to form phosphate. The excess of the potassium over 
that combined as chloride, if Aleock and Lynch’s figures are accepted, would, 
if it is combined as phosphate, involve 0-47 per cent. of PO,. This is a concen- 
tration in the nerve axon which should be readily demonstrable in teased-out 
preparations of the nerve fibres and in cross-sections of the fresh sciatic nerve 
made with the CO.— freezing microtome, when treated for twenty minutes with 
the nitric molybdate reagent and then with a solution of phenylhydrazin hydro- 
chloride, which should convert any phospho-molybdate formed to a blue com- 
pound. It was found that when the reagent was so used no blue reaction, even 
of the faintest kind, was obtained in or on the surfaces of the axons, where, as 
already indicated, the potassium is located. There was a very faint greenish- 
blue reaction throughout the body of the axon and also in the myelin sheath, but 
this must be due to the action of the reagent on traces of phosphoric acid liber- 
ated from phospholipins possibly present in the axons, or on traces of sodium 
phosphate present in the axons, the presence of which cannot be excluded, since 
there is no microchemical method for demonstrating sodium therein. The fact, 
however, that no trace of PO, is found in or on the surface of the axons makes 
it practically certain that all the potassium so located is combined with chlorine 
as chloride, unless a part of the potassium is associated or combined with mole- 
cules of protein in the surfaces of the axons, but this may be considered as very 
unlikely. 
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The presence of potassium chloride on or in the surfaces of the axons of 
medullated fibres may then be regarded as established. Whether, however, it is 
present in the axons of non-medullated fibres or in the dendrites is another 
matter. It is difficult to get cross-sections of nerves constituted of non- 
medullated fibres to use with the cobalt reagent, and although in a number of 
preparations potassium was found in them immediately under the neurilemma, 
the demonstration of it in these was not so frequently successful as to make for 
absolute certainty. It is practically impossible to ascertain whether potassium 
is present in dendrites, for these are usually so thin and slender that when the 
cobalt reagent is applied to them the potassium chloride, if present, must diffuse 
from them before the reagent can precipitate it. However, in the motor end- 
plates of muscle fibres there are the analogues of dendrites, derived from the 
axons of the medullated fibres which end in the plates, and in some vertebrates 
these are so distinctive because of their varicose form, and because of their ter- 
minating so abruptly in the cytoplasm, ‘‘the ground substance,’’ of the end- 
plate, that they appeared to offer the opportunity of determining whether potas- 
sium were present in them. This was attempted in the case of the fibres of the 
gastrocnemius muscle of the guinea-pig, thin sections of which, made with the 
CO.— freezing microtome, were submitted to the action of the cobalt reagent, 
and resulted in demonstrating potassium in the varicose fibres in their irregular 
course in the end-plate. Whether the potassium was on the surfaces of these, 
or in their interior, could not be determined because of their very minute 
diameter, but as the potassium in them or on them was continuous with that on 
the axon of the medullated fibres which gave origin to these terminal elements, it 
is probable that potassium as chloride was on their surfaces. 

Potassium as chloride must, therefore, with a very considerable degree of 
certainty, be regarded as constantly present on or in the surfaces of the axons 
of all nerve fibres and also on or in their dendrites. 

Inorganic iron compounds are wholly absent from the axons. When cross- 
sections of the fresh sciatic nerve of the dog and rabbit were treated with 0-3 
per cent. aqueous solution of pure haematoxylin for an hour or so, then mounted 
in 50 per cent. glycerine and examined under the microscope, not the slightest 
evidence of a reaction for iron was found in the axons or the medullary sheaths, 
although haematoxylin is an intensely sensitive reagent for inorganic iron com- 
pounds. When, however, portions of this nerve, after having been fixed for 
several days in absolute alcohol, were kept for twenty-four hours in absolute 
alcohol, to every 100 ec. of which 4 ec. of concentrated sulphuric acid were added, 
then treated with absolute alcohol to remove traces of the acid and finally with 
haematoxylin solution, a distinct reaction for iron was obtained in the nuclei 
of the neurilemma and a faint one in the latter throughout its extent in each inter- 
nodal segment. The iron thus revealed in the nuclei must be that released from 
the chromatin by the acid, but what is the nature of the masked iron compound 











170 A. B. MACALLUM 


in the neurilemma itself cannot be determined. It may serve as a respiratory 
factor to the myelin sheath and to the axon. 


THE SIGNIFICANCE OF THE ELECTROLYTES IN THE AXON. 


The absence of potassium salts from the cytoplasm of the nerve cell, and the 
occurrence of potassium as chloride on or in the surfaces of the axons cannot but 
be due to the low surface tension of the latter as compared with that of the body 
of the nerve cell itself. Indeed, the axons themselves are due to this difference 
of surface tension, for if the surface tension of the nerve cell were uniform over 
all its surface there would be no extension of its cytoplasm to form axons and 
dendrites, and any potassium chloride in it would then be more or less uniformly 
diffused in the cytoplasm. That low tension at any part of the surface of a cell 
causes there an adsorption of electrolytes, especially of potassium, is indicated 
by the author’s previous investigations. A signal illustration of this was found 
(9) in Acineta tuberosa, which, when active, extends its cytoplasm in two tufts 
of tentacles, in the surfaces of which are condensed potassium salts diffused in 
the cytoplasm of the cell before these tentacles are formed, and when these ten- 
tacles are retracted the potassium salts diffuse back into the general cytoplasm. 
The axon, an extension of the cytoplasm of the nerve cell at a point on the sur- 
face of the latter, where low surface tension is uniformly maintained, parallels 
in the adsorption on or in its surface that exemplified in the tentacles of Acineta. 

Whether sodium salts are present in the axon, except in infinitesimally 
minute amounts, is exceedingly doubtful. In any case they cannot obtain on or 
in its surface, admixed there with potassium chloride, for, as the author found 
(11) on percolating silica sand with 0-1N NaCl 0-1 N KCl, apparently no 
sodium was adsorbed on the sand, while the potassium was markedly so. This 
is explained as due to the ionic mobility of potassium ions, which is nearly half 
as much again as that of sodium ions, and which enables them to reach and 
occupy adsorption surfaces to the exclusion there of sodium ions. It is interest- 
ing to note that the ionic mobility of chlorine ions is very slightly in excess (65-0 
to 65-3) of that of potassium ions, while that of ¥3 PO, ions is much lower. This 
would explain the association of the potassium and the chlorine on or in the 
surfaces of the axons. 

The significance of the presence of potassium on or in the surface of the 
axon has in a previous publication (8) been briefly discussed by the author, when, 
of course, the knowledge regarding this distribution of the potassium on or in 
the axon was not as absolutely certain as it has been rendered by the results of 
the investigations made during the last six years. To this publication the reader 
is referred, but a brief summary of that discussion may be of immediate service 
to him. 

When electrical polarization of momentary duration occurs at a point on a 
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drop of a fluid in which there are solutes, the surface tension at the point is 
lowered, and after 4499 of a second or less, a redistribution of the solutes occurs 
there, which return, immediately after the cessation of the polarization and 
following the re-establishment of the previous degree of surface tension, to their 
former distribution in the drop. Similarly, when a nerve fibre is polarized by 
an induction shock applied to it there must be a momentary decrease, at the point 
polarized, of the surface tension of its axons, with a shifting there of the electro- 
lytes on or inthem. This involves at the point an increase of the diameter of each 
axon, which enlargement tends to spread like a wave over the axon in either direc- 
tion, associated with a momentary and localized shifting of the electrolytes as the 
wave progresses on its course. This generates the current of action of a nerve, 
which lowers the surface tension at each point as it passes, and causes there a 
momentary shifting of the electrolytes, continuing the course of the current to 
the terminals of the axon. When a constant current is turned into a nerve there 
is a momentary current of action, the ‘‘opening’’ one, like that caused by an 
induction shock, but during the passage of the constant current the conditions 
in the axons become temporarily stabilized, though reoriented, and no current 
of action afterwards obtains until the constant current is shut off, when there is 
a return to the conditions in the axons, which obtained in them before the con- 
stant current was turned on. This return, which begins at the cathode, involves 
a repetition of a wave-like change in the calibre of the axons and a momentary 
shifting of the electrolytes therein, resulting in the ‘‘closing’’ current of action. 

In physiological conditions how does this current of action arise? 

When a current of action proceeds along the axon of a nerve fibre to its 
dendrites, terminating in the synapsis of a nerve cell of a ganglion, the nerve 
cell is electrically polarized, its surface tension is lowered, there is a shifting 
of potassium salts on its surface, and there thus develops a current of action, 
which, as the lowering of the tension extends to and along the axon, passes down 
the latter to its terminals. 

As the velocity of the nerve impulse is the same (28-33 metres per second) 
as that of the current of action is it not possible that they are identical? It has 
been suggested that, as a nerve continually uses oxygen and evolves carbon 
dioxide, and that, when it is stimulated this usage of oxygen is increased, the 
impulse may be a force quite different from the current of action, not of mechan- 
ical or physical origin, but of the ‘‘indiscerptible’’ kind. It may, however, be 
pointed out that the cytoplasm of the normal axon must respire, that is, use 
oxygen and give off carbon dioxide, and that when its surface is affected, as when 
a current of action passes down its course, it cannot be without effect on its 
respiratory activity. 
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BERI BERI AND NEURITIS 


by 
H. H. WOOLLARD, 


(Department of Anatomy, St. Bartholomew’s Medical College, London.) 
(Submitted for publication October 25, 1931.) 


‘*When we assert that living cells all possess like potentiality of reproduction we merely 
state in morphological terminology that the production of living matter is a self-sustained 
autocatalyzed phenomenon.’’ T. B. Robertson. 

If one compares the progress of a pigeon deprived of food with one which 
has been given a diet adequate in all respects, save for the complex called 
vitamine B, the similarities and differences observed raise considerable per- 
plexity as to the nature of the events in the two cases. The loss of weight is of 
the same order ; in both the adrenals hypertrophy and in each degenerated nerves 
can be detected. The animal which receives the inadequate diet, however, will 
show spasticities, palsies, foreed movements, and convulsions, which do not occur 
in the bird deprived of all food. Ii is difficult then to escape the conclusion that 
the metabolism is disordered in the fed bird in a way which does not obtain in the 
ease of the bird in a state of inanition. Since the positive manifestations in all the 
so-called deficiency diseases only occur when the animals are fed, and not when 
they are starved, the same conclusion must apply to them all. 

This contrast, between the results of a deficient diet and no diet at all, has 
led some observers to go further and postulate a special toxie factor. This was 
indeed very much the case in beri beri and Eijkmann, who discovered ‘‘Poly- 
neuritis gallinarum’”’ at first favoured such a theory. Later, however, Eijkmann 
and most other investigators have been content with the simpler hypothesis that 
these diseases are due to deficiency, and have regarded everything as accounted for 
by the absence of the appropriate vitamine. But in beri beri it is especially hard 
to be content with this simple idea, for this disease presents so many analogies 
to other forms of polyneuritis where we are perfectly familiar with the active 
agent. 

The acute heart failure of beri beri in man occurs also in diphtheria and 
polyneuritis, and diffuse and scattered changes of the central nervous system 
oceur in alcoholic and other forms of poisoning. It is true that it is a little 
more difficult to assign a place to the oedema, but an active agent as the cause of 
this is also congenial to the clinical mind. 

It was with such notions in my mind that, in association with my biochemical 
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colleagues, I have from time to time concerned myself with the clinico-path- 
ological study of beri beri in different experimental animals. 


INANITION. 


This state presents certain resemblances to beri beri. In both there is wast- 
ing, hypothermia, and enlargement of the adrenals. In inanition it has proved 
impossible, however, to reproduce those active and positive states such as forced 
movements, convulsions, and the like, and this we found to be the case even when 
the state of inanition was allowed to continue until the animals (pigeons) became 
extremely feeble. It had been suggested by Eijkmann that the parallel between 
these two states, beri beri and inanition, could be made much closer if the starving 
animals were given excess of water. This we tried, and the introduction by 
tubes of excess of water into the birds, affected in no way the production of 
neurological symptoms. We were forced to conclude that, the resemblance be- 
tween this state and beri beri did not extend to the production of those spastic 
and convulsive states which have always been regarded as the real evidence of 
vitamine B deficiency. Histological investigation led to the discovery of some 
intermuscular degeneration of the nerves, some swelling, and confusion of the 
endings. The amount and nature of these changes were not great, and since such 
changes have been noted by many observers in a wide variety of morbid condi- 
tions, no great stress can be placed upon them. 

The histo-pathology of beri beri, induced by a standard diet whose nature has 
been adequate in all respects except for vitamine B, was investigated by Wool- 
lard (1927). The animals used in this investigation were rats, and many of them 
before death exhibited those clinical signs which are regarded as the real evidence 
of beri beri during life. The clinical investigation of these animals led us to 
regard these expressions of neurological disorder as being in many ways 
analogous to tetany in man. These animals had no group signs or symptoms 
suggesting a focal degeneration of some part of the nervous system. It was pos- 
sible to prove, for instance, by submitting the animal to examination in various 
positions, that all the righting reflexes were present. Further, when these animals 
were transected in the regions of the mid-brain they presented the complete pic- 
ture of decerebrate rigidity. The deep reflexes, so far as could be ascertained, 
were normal. The animals responded by withdrawal to any kind of protopathic 
stimulus. The forced movements which occur, especially in birds, suggest, of 
course, vestibular lesions, but no lesion of this system could be discovered. Par- 
ticular attention was devoted to the pathology of the autonomic and the sensory 
nervous systems. In the sympathetic nervous system, despite the allegation that 
the disease might be a neurasthenia sympathica, no lesions could be discovered, 
either in the cells of the ganglia or in the peripheral nerves of these ganglia. 
Moreover, although inflammation and atrophy of the intestinal mucosa have been 
described, the intrinsic plexuses of the gut presented a normal aspect. 
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The central nervous system and the spinal cord showed no degenerative ap- 
pearances, and a positive Marchi reaction was unobtainable. These results have 
been confirmed by many other observers. The positive findings are some degen- 
eration near the terminations of the nerves, and especially a change in the myelin 
with usually the axis cylinder intact, while the actual endings, both motor and 
sensory, were swollen, confused, and without the sharp-cut appearance that 
distinguishes the normal animal. 

We were thus driven to conclude that the histo-pathology of the nervous 
system is in no way specific. It is only slightly greater in degree than that which 
occurs in inanition, and indeed is known to be inseparable from any debilitating 
illness. We come then to this point, that in experimental beri beri there are 
several positive neurological phenomena, but these do not rest altogether on a 
demonstrable morphological basis. The positive phenomena can be explained, 
either as an alteration in metabolism of the nervous system due to the deficiency 
of the diet, or due to a toxic substance generated by this disordered metabolism. 
The former hypothesis is chosen because it is simpler, because all search for a 
toxic factor has been unavailing. All explanations based on excess carbohydrate 
intake, deficiency in phosphorous intake, the kind of diet, and the like have 
broken down when experimentally tested. The improbability of a special toxic 
factor is heightened when it is remembered that each kind of deficient disease 
must have its peculiar toxin. The kind and the degree of morbid nervous changes 
mentioned above are quite consistent with the rapid improvement that all 
investigators have been able to obtain when the appropriate vitamine is supplied. 
Within five to twelve hours the neurological phenomena are in abeyance. Such a 
rapid recovery is of course incompatible with any widespread and severe morpho- 
logical changes. It is however compatible with the degree of swelling and con- 
fusion in the endings that can be demonstrated. 

These views have met with considerable support from other investigators, 
especially in regard to the anatomical results (Stern and Findlay (1929) ), but 
it became necessary to reconsider them when further research showed that vita- 
mine was really a complex. How far it can be subdivided, and how many 
vitamines there really are included in the expression vitamine B, is not altogether 
clear from recent literature, a summary of which is given by Kruse and McCollum 
(1929) in ‘‘ Physiological Reviews,’’ but at any rate opinion is agreed that there 
are at least two. There is the thermolabile antineuritic factor vitamine Bl, and 
the thermostable antipellagrous factor (sic) vitamine B2. 

An opportunity for re-examining this morphological aspect of the vitamine B 
problem was made possible for me by my friend, Dr. Kon, of the National Re- 
search Institute for Dairying, Reading. Through his interest and kindness three 
pigs were placed at my disposal. Two of these had been on completely B-deficient 
diet of the following composition : 
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Polished rice .. = ia “ me 85% 
Casein .. e ve as i oui 10% 
Mineral mixture ae oe ae _ 3% 
Filter paper pulp ‘ es “ - 2% 


A third pig received, in addition to this diet, autoclaved yeast, thus getting 
vitamine B2 but not B1. 

Observation of these animals revealed that the most striking effect of such a 
diet was the inability to grow and increase in weight. While the controls from 
the same litter trebled their weight during the three months of the experiment, 
the experimental animals were, when killed or when they died, at the same weight 
as when the experiment began. The first pig, after three months on the diet 
which lacked all the B vitamine complex, weighed 34 lbs., which was two pounds 
less than at the beginning of the experiment. Its litter mate, used as a control, 
was over 100 lbs. This pig was slaughtered and a careful post mortem made. 
Beyond the disappearance of the body fat nothing was found of the slightest 
significance. During the course of the feeding experiment the pig at no time 
exhibited any signs or symptoms of nervous disorder. 

The second pig, on the same diet with complete absence of the vitamine com- 
plex B, died. Signs of active disease became evident in the last week of the 
experiment. There was noticeable weakness of the hind legs, and these became 
unable to support the animal’s weight, and in the last days of its existence it 
dragged itself on its buttocks, using only its front legs. At this time it was 
clear that the respiration was affected, and the post mortem disclosed pneumonia 
and empyema as the cause of death. 

The third pig died suddenly during the course of the experiment. The feed- 
ing in this case was precisely the same diet as before, with the exception that 
autoclaved yeast was added so that in this instance vitamine B1 was absent, but 
B2 was present. The post mortem disclosed that death was due to ulceration 
of the intestine and haemorrhage. In this case there were no neurological signs 
of any sort. 

Thus so far as the clinical evidence goes, in only one of these pigs, and then 
only in the last week of the three months on the deficient diet, was there sufficient 
weakness of the extremities to attract attention. And this paresis occurred in an 
animal that had suffered a severe and fatal infection. Thus I think we may con- 
clude that a diet in which there is a deficiency of vitamine B when fed to pigs 
induces no active signs of neurological disorder but does restrain and prevent 
growth. As McCollum has insisted, the essential aspect of B deficiency is the 
antigrowth effect. 

Histological investigation was made of a variety of samples from the nervous 
system of these animals. The cortex was examined by the Nissl method, and sec- 
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tions from the hypothalamus were inspected. The spinal cord was treated for 
examination of nerve cells and nerve fibres, including preparations according to 
the Marchi method. The peripheral nervous system was investigated adjacent to 
the spinal cord in the ventral and dorsal roots, in the main trunks, in the region 
where the nerves enter into the muscles, and as they end in the muscles. For 
these latter portions osmic acid and teasing, Marchi and Bielschowsky silver 
methods were used. From this extensive examination of the nervous system it 
has got to be concluded that nerve cells were normal in appearance, that in the 
cord the Marchi test for degenerated myelin was entirely negative, while in the 
peripheral nerves, though a few degenerated nerves were found, nevertheless 
the vast majority of the fibres were perfectly normal, and when traced to their 
endings these were found to be of normal appearance. Indeed, the only abnormal 
morphological appearance is that the myelin when stained with osmic acid does 
not always react in a homogeneous manner. In a proportion of the nerves it gives 
a brownish tinge with black streaks as though vacuolated. The axis cylinders are 
intact. The muscle itself was also perfectly normal. 

The result of these several histological investigations then suggests that 
deficiency of the so-called anti-neuritiec factor does occasion some signs and symp- 
toms that suggest nervous disorder, but that these do not appear in all animals 
subjected to this experimental treatment. They seem to occur most readily in 
the bird. They occur but with not the same frequency in the rat, and so far as 
the present experiments go, they are not reproducible in the pig. The anti- 
growth effect is, however, common to them all. The few bits of evidence of path- 
ological change in the nervous system are not very impressive. Swelling and 
change in the myelin which appears to be of a physical nature rather than chem- 
ical, for it does not give a Marchi reaction, except in the peripheral nerves occa- 
sionally, is the only thing that can be pointed to, and even this is hardly char- 
acteristic, for it is the accompaniment of most morbid processes, and can even be 
detected in an inanition. 

The result of our histopathological investigation of the nervous system in 
beri beri suggests then that what neurological signs do occur are to be regarded 
as occasional and complicating effects, and not an integral part of the picture of 
experimental beri beri. We regard these rather as the clinician regards de- 
generation of the cord in pernicious anaemia, for instance. The lack of growth 
and not the nervous signs forms the essential feature of vitamine deficiency of 
the B factor, and despite the fact that we have not yet investigated cases in which 
only the B2 element is present we would suggest that the antipellagrous features 
of the nervous system will prove experimentally to be unaccompanied by char- 
acteristic histopathology. The fact that in all our cases we have been dealing with 
a deficiency which included B2 as well as B1 is, we think, a sufficient warrant for 
the statement that there is no characteristic neural pathology of experimental B 
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deficiency, and that nervous manifestations are not an essential feature of this 
dietetic deficiency. 
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A REVIEW OF SOME EXPERIMENTS CURRENTLY 
QUOTED AS EVIDENCE OF THE INHERITANCE OF 
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by 
W. E. AGAR 
(Professor of Zoology, University of Melbourne). 


(Submitted for publication September 16, 1931.) 


This review will deal with the experiments which appear to be most com- 
monly quoted at the present time in favour of the inheritance of acquired 
characters (Lamarckian inheritance). I shall except the work of Kammerer, 
about which sufficient discussion has already taken place, and that of Guyer 
and Smith, which belongs to a somewhat different category, and which also has 
been fairly fully discussed. We will review the experiments of Diirken and of 
Harrison on pigmentation of Pieris; of Harrison and Garrett on induced 
melanism in Lepidoptera; of Harrison on the instincts of the saw-fly Pontania; 
of Pavlov on the training of mice; and of McDougall on the training of rats. 
All these experiments are quoted, for instance, as positive evidence for the in- 
heritance of acquired characters in one or both of the recent books by MacBride 
(1927) and Wood Jones (1929), and three of them were again used by MacBride 
in his Royal Institution Discourse published in Nature (1931). 


(1). The pupal pigmentation of Pieris brassicae (Diirken, 1923) and P. napi 
(Harrison, 1928). 


The general results of these experiments can be summarized in the first 
instance as follows. Two pigments, a black and a white, normally occur in the 
chitin and hypodermis of the pupae of these butterflies. In some of the pupae, 
however, these pigments are so feebly developed as to allow the green haemo- 
lymph to show through the skin. Such pupae will be spoken of as green, as 
contrasted with pigmented. This feeble development of pigment occurs in a 
small proportion of pupae reared in daylight, but the proportion is greatly in- 
creased when pupation takes place in orange or red light, or to a less extent, in 
darkness. 

Both experimenters maintain that the greenness induced by the orange 
light, ete., is inherited. They both picked out the green pupae from the orange 
lighted cultures (rejecting the pigmented pupae) and reared their offspring in 
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daylight. These offspring exhibited a much higher percentage of greens than 
the controls, which, as we have seen, were the descendants of a mixed popula- 
tion of greens and pigmented reared in daylight. Both authors unhesitatingly 
consider that this result demonstrates that the loss of pigmentation induced by 
the orange light is inherited. 

The chief, but all-sufficient, criticism which must be directed towards the 
interpretation of this result as Lamarckian inheritance is that selection was 
practised and that therefore it is impossible to form any real conclusion as to 
the correct explanation of it in the absence of any preliminary genetic analysis 
of the material. The controls, as we have seen, contain a percentage of greens 
(3-7—Diirken, 20-9—Harrison). We have no information as to the genetic 
relation of these to the pigmented. The experiments do not justify the assump- 
tion that the orange light produced an inherited tendency to reduced pigment 
production. There seems no adequate reason for supposing that the orange 
light did anything more than cause a general reduction of pigment formation, 
which was more pronounced in specimens of genetically poor capacity for pig- 
ment production than in those of a stronger capacity. The selection of the 
green pupae from the orange cultures was, in this case, nothing more than a 
selection of those with genetically low capacity for pigment production. 

An analogous situation is probably presented by such cases as abnormal 
abdomen or reduplicated legs in Drosophila. 

Abnormal abdomen is due to a dominant sex-linked gene, which behaves 
like any other gene except that its phenotypical expression is unusually sensi- 
tive to environmental influences, especially to the degree of moisture to which 
the larvae are subjected. Under dry conditions, flies homozygous for this gene 
may be phenotypically perfectly normal; under moist conditions, flies of the 
Same genetic composition may have the abdomen deformed to such an extent 
that copulation is impossible. Thus one culture gave at one time 140 abnormal 
individuals, and no normals. Offspring, produced by the same parents later, 
when the culture medium had dried somewhat, consisted of 6 abnormals and 155 
normals; that is to say, a difference between 100% and 3-7% abnormals in two 
groups of identical genetic composition. Needless to say, the genetic constitution 
of the flies (as tested by their offspring) is unaffected by the circumstance of 
having developed in conditions which did or did not allow the gene to produce 
the abnormality. 

“*Reduplicated legs’’ is likewise due to a gene, the somatic expression of 
which is greatly influenced by environment, temperature being in this case 
particularly important. Flies homozygous for this gene may be somatically 
normal, or may show reduplication of one or more legs. The reduplication of a 
leg may be complete, or may involve only the tarsus. The most extreme case 
showed parts of fourteen legs. 

A stock homozygous for this gene produced 10-1% reduplieated flies (out 
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of a total of 1,711) at room temperature, and 67-4% (out of 500 flies) when eggs 
and larvae were strongly cooled. 

It seems clear that the Pieris case is capable of explanation on these lines, if 
we suppose that random samples of the insects, such as were used to start the 
experiments, comprise a mixture of two or more genotypes of different capacities 
for pigment production, and that the somatic expression of the genes is influenced 
by certain environmental conditions, of which the colour of the incident light is 
specially effective. Under control conditions (daylight) only genotypes of very 
low pigment capacity fail to produce enough pigment to hide the green haemo- 
lymph. In orange light the pigment production is reduced in all genotypes, and 
only those of highest capacity are able to develop sufficient pigment to be classed 
as pigmented. Both experimenters rejected these, and used only the greens for 
further breeding. It is natural that they produced more green offspring than 
the controls did, when bred under the same conditions as the controls, since the 
group comprised a higher proportion of genotypes of low pigment capacity than 
did the unselected controls. 

There seems no difficulty in principle in applying this explanation to the 
results of both workers. We have, however, to examine whether the numerical 
proportions of the different types actually obtained under the different conditions 
and in the different generations are in accord with this explanation. 

Diirken’s Experiments. This author describes the various grades of pig- 
mentation very fully, and points out that the division between the pigmented and 
greens is somewhat arbitrary. 

His controls yielded 37 green and 956 pigmented, or 3-7% green. 

Larvae reared in orange light gave 226 green and 101 pigmented pupae, or 
69-19% green. 

These green pupae were divided into two lots: 


(1) continued under orange light gave 93 green and 5 pigmented pupae, 
or 94-9% green, in the next generation; 

(2) removed into daylight gave 16 green and 17 pigmented (48-5% 
green) in the next generation. 


A nearly parallel experiment on approximately the same scale gave closely 
similar results. 

As Diirken points out, the significance of the increase from 69-1% to 94-9% 
green in the experiment continued under orange light is somewhat discounted by 
the very high variation in the percentages in the individual cultures which were 
combined to give these figures. For instance, one culture gave as many as 87-3% 
greens in the first generation under orange light. Nevertheless, the fact remains 
that there was an increase in the percentage of greens in the second generation 
continued under the orange light, and this is to be expected on the suggested 
explanation, as the green pupae of the first generation (used as parents of the 
second) comprise a larger percentage of genotypes of low pigment-forming 
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capacity than the unselected controls which were the parents of the first genera- 
tion of larvae reared in orange light. The fact that the group returned to day- 
light produced more green offspring than the controls is to be explained in the 
same way. 

It should be mentioned here that Diirken found that the orange light, to be 
effective, must act during the process of pupation. Acting on the fully formed 
pupa and imago it produced no effect on their pigment, nor on the proportion of 
pigmented and greens among their offspring. From this he concludes that this is 
a ease of real somatogenie inheritance; i.e. that unless its effect is acquired 
somatically (which can only happen during the process of pupation) the orange 
light does not influence the germ cells. On the explanation suggested here, how- 
ever, the reason why orange light has no hereditary effect unless a somatic one 
has been produced is clear. It is just this somatic reaction which enables the 
experimenter to discriminate between the different genotypes, and so select for 
breeding the genotypes of low pigment-forming capacity. If the light is applied 
in a manner which does not produce this reaction, no basis of selection is provided. 

Harrison’s Experiments. He started with about 160 ova from six females. 
These were divided into two groups. One, reared under control conditions, gave 
9 green and 34 white (what I have called pigmented), or 20-9% green. The 
other group in orange light produced 46 pupae, of which 43 (93-4%) were green. 

The butterflies emerging from the green pupae in the orange culture were 
allowed to mate, and their progeny again reared in orange light. The result was 
95-2% green. The butterflies emerging from these green pupae were again 
mated, and their offspring, though reared this time in daylight, were 100% green 
(total, 31). Their progeny, again in daylight, consisted of 50 pupae, of which 
58% were green. 

Again, the numerical results are of the general order required by the sug- 
gested explanation. Of course, no exact computation of numbers expected can be 
made. In the first place, the smallness of the numbers used to start the experi- 
ment (43 controls and 46 in the orange culture) is compatible with high percent- 
age difference in the numbers of the different genotypes in the two groups, due to 
errors of random sampling. And secondly, the proportion of greens and coloured 
reared in different seasons from batches of the same genetic composition, even 
under conditions repeated as closely as possible, may be expected to vary greatly. 
Harrison obtained 100% greens in the first generation returned to control condi- 
tions, and 58% in the second 

In considering these figures, it is well to remember that the difference in the 
amount of moisture caused by a few days drying of the culture medium can 
reduce the proportion of abnormal abdomens from 100% to 3-7% in two groups 
of Drosophila derived from the same parents. 

In short, there is no reason to believe that the orange light altered the genetic 
constitution of the insects. The cardinal fact that stands out in these experiments 
is that the experimenters selected for further breeding only those individuals 
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which had reacted to the orange light by turning green. Unless we know that the 
difference between those which reacted thus and those which did not was not due 
to a pre-existing genetic difference, the experiment falls to the ground so far as its 
relevancy to the problem of the inheritance of acquired characters is concerned. 

It seems advisable to refer here to the work of Przibram and Brecher (1922) 
on colour changes in the Phasmid, Dixippus (Carausius) morosus, since these 
authors claim to have demonstrated ‘‘ Vererbung induzierter Eigenschaften’’ in 
this insect by experiments closely similar to those on Pieris, and the explanation 
I have offered of the Pieris case could not apply to the Dixippus experiment. 
These authors tested the inheritance by continuing the special conditions of 
illumination to the second generation. They claim that this generation showed an 
intensification of the colour changes induced in the first generation, and as in this 
experiment the second generation was obtained from eggs taken at random from 
a number of parents of mixed colours in the cultures (i.e., without the selection 
practised in the Pieris case) their results, if established, could not be reconciled 
with the situation suggested for Pieris. 

On examining their data, however, one is at a complete loss to understand 
how these authors can find any evidence of cumulative effect of the coloured 
environments in the second generation as compared with the first. The various 
conditions of illumination in their cultures resulted in some cases in excess of 
browns, in other of greens. A comparison of their tables E and G (first and 
second generations in various coloured surroundings) shows that every culture 
in the second generation produced more browns in proportion to greens than in 
the first. Those cultures (the majority) which were in coloured surroundings 
which produced excess of browns in the first generation are therefore said to 
show an increased effect of the coloured environment. The few cultures under 
conditions of illumination giving excess of greens in the first generation showed, 
of course, a diminution in the percentage of greens in the second. This apparent 
reversal of the effect is attributed to the fact that the second generation was 
reared in summer; that is to say, under more intense illumination, leading to 
production of more brown pigment, than the first generation, which was reared in 
the preceding autumn. This consideration, however, applies to all the cultures of 
the two generations ; that is to say, the increase of browns which was observed in 
all cultures of the second generation is taken in the one case as evidence of the 
cumulative effect of the environment, and in the other as concealing that effect. 

I have necessarily presented their results in very abbreviated form. The 
authors, most commendably, give them in the full detail which has made this 
criticism possible. I must also add that I cannot reconcile all the percentages 
given on pp. 166-167 with the numbers of the various colour types as set out in 
the tables. 

Although the authors’ statements about the cumulative effect of the coloured 
environments do not seem justified by their results, these do seem to demonstrate 
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satisfactorily a genetic heterogeneity in their material independent of their en- 
vironment. For the authors show that greens and browns from the same culture 
give unmistakable evidence of genetic difference. It is possible to pick out from 
their results four pairs of parthenogenetic females composed each of one green 
and one brown insect, namely, one pair from each of two cultures, and two pairs 
from a third. The four green parents produced a total of 12 brown and 23 green 
offspring ; the four brown parents produced 37 browns and 9 greens. The position 
would seem to be, therefore, exactly what was suggested for Pieris. The species 
is heterogeneous for genes influencing pigment production. This genetic differ- 
ence is quite independent of environment, which is, however, capable of influenc- 
ing the somatic expression of the genes. 

It is noteworthy that the material of this species used by MacBride and 
Jackson (1915) was apparently genetically homogeneous for genes of low pig- 
ment production, since they obtained a very high preponderance of greens, and 
found no difference in the proportion of green and brown offspring from different 
coloured parents. 


(2). The experiments of Harrison and Garrett (1926), and Harrison (1928), on 
the induction of melanism in Lepidoptera by the administration of lead 
and manganese salts with the food. 


The citation of these important experiments as evidence in favour of the 
inheritance of acquired characters is definitely unjustifiable, for there is no 
evidence that it is possible to induce melanism in an individual by treatment of 
that individual itself. In every case, the first melanics appeared among the off- 
spring of individuals which had been fed with lead or manganese salts, but had 
not themselves become melanic. There is therefore no evidence of somatically 
induced melanism being transmitted to the offspring. 

The experiment of course supplies evidence for specific reaction of the germ 
cells to a certain external factor, and is an important addition to our knowledge 
in this respect. But I am not aware that anyone has questioned that the germ 
cells may react to external influences by heritable variations. Weismann him- 
self looked upon this factor as one of the causes of germinal variation. The case 
seems analogous to the well-known production of mutations in Drosophila by the 
action of X-rays. 


(3). Harrison’s experiments on the egg-laying instinct of the sawfly, Pontania 
salicis (1927). 

Harrison himself feels sufficiently satisfied with this experiment to say, ‘‘ We 
are thus dealing with an incontrovertible case of the inheritance of acquired 
characters.’’ A study of his paper does not, however, leave the reader so con- 
fident. 

Briefly, the experiment was as follows. This sawfly exhibits a marked par- 
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ticularity in regard to the plant on which it deposits its eggs, and on which the 
galls, consequently, are formed. The species deposits its eggs on the willow, but 
in one district, one species of willow only (or mainly) will be attacked ; in another 
district a different species, although in both districts other species of willow are 
available. 

Preliminary experiments with colonies from two different species of willow 
showed that the insects issuing from the galls, when offered a wide choice of 
willows, showed an overwhelming (though not quite exclusive) preference for 
oviposition on the species of willow from which they had been obtained. 

In his main experiment, Harrison collected Pontania galls from Salix Ander- 
soniana, and the pupae obtained from these were transferred in pots to an ex- 
perimental plot of ground containing no specimens of S. Andersoniana, but only 
of another species, 8. rubra. The pots containing the pupae were placed in this 
plot in 1920. Later in the season, the S. rubra plants were found to exhibit galls, 
which Harrison assumes, without comment, to have been formed by sawflies 
issuing from the pupae in the pots he had previously placed in the neighbourhood 
of the bushes. Most of these galls aborted, only a few reaching maturity. In the 
following year, galls were again found, and in the third year the colony seemed 
well established. In the winter of 1923-4, six bushes of S. Andersoniana were 
planted among the S. rubra. In 1925 the plot was again visited, and it was found 
that these plants of S. Andersoniana (the species from which the galls had been 
collected to start the experiment) were free from galls, which, however, continued 
to be formed on the S. rubra. From this Harrison concludes that the original 
flies had, at the beginning of the experiment, been compelled by lack of their 
proper food plant to oviposit on the S. rubra, and that after five years the habit 
of attacking this species had become inherited, so that now they preferred their 
new food plant to the old, even when offered a choice of both. 

The following comments on this experiment immediately suggest themselves. 

(1). It is an unproved assumption that the insects which refused to oviposit 
on S. Andersoniana in 1925 were the descendants of the pupae which had been 
placed in the experimental plot, evidently quite in the open, five years before. 
No evidence is given that the plot was free from Pontania before the experiment 
began. Some slight evidence in favour of the assumption that the colony estab- 
lished itself, in part at any rate, from the introduced pupae is indeed to be found 
in the fact that in the first two years of the experiment the galls were very 
few, and became more numerous in later years. This fact, however, can hardly 
bear the burden of the proof that the sawflies which refused to lay their eggs on 
S. Andersoniana were the descendants of those collected from that species and 
liberated in the neighbourhood five years before. 

(2). Even if the insects which refused the S. Andersoniana were the descend- 
ants of the original pupae, there still lacks proof that their preference for S. rubra 
was due to a forced inherited habit. No preliminary genetic analysis of the 
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material was attempted, and considering the great polymorphism of this species 
in regard to the species of willow it uses for oviposition, it seems probable that 
some of the original insects, collected in the wild, were heterozygous for genes 
affecting this character, and that after emergence from the pupae, those insects 
which belonged to genotypes preferring S. rubra went to it, accounting for the 
few galls found there in the first season. The rest died, or flew away in search of 
their proper food plant. 

(3). But even granting, in spite of the weakness of the evidence, that this 
was a genuine case of alteration of the instinct of oviposition, there is no reason 
to invoke heredity at all. The primary connexion here is not between parent and 
offspring, but between larva and imago. The immediate fact (if it be a fact) is 
that the fly tends to deposit its eggs on the species of willow on which it passed 
its own larval life. This involves, of necessity, that it also tends to lay its eggs 
on the species of willow on which its mother laid, but it is gratuitous to seek the 
causal nexus in the more remote relation of parent and offspring than in the 
nearer one of larva and imago. 


(4). Pavlov’s experiments on training mice. 


It was stated that white mice were trained to come to be fed at the sound of a 
bell, and that the first generation needed 300 lessons, the second 100, the third 50, 
the fourth 10, and the fifth only 5. These surprising statements have been widely 
quoted, in spite of the fact that they were only announced in briefest summary 
form, without any account of the experimental procedure, or indeed, any details 
whatever. 

The statements have, however, been withdrawn (Pavlov, 1927), so there is no 
need to discuss the experiment further. 


(5). MeDougall’s experiment on the training of rats. 


McDougall has published two reports (1927, 1930) on this impressive experi- 
ment, which consists in training rats to escape from a water tank by the less 
brightly illuminated of two exits. 

A tank full of water is divided into three parallel passages, communicating 
with each other at one end of the tank. At the other end, the central passage ends 
blindly, the other two ending in sloping gangways up which the rat can climb 
and so escape from the water. Both gangways can be illuminated, and both are 
provided with arrangements for giving the rat an electric shock when he climbs 
on the gangway. Rats are placed in the water in the central passage and left 
to find their way out by either of the two gangways, one being brightly, the 
other dimly, illuminated ; but if he choses the brightly illuminated gangway, he 
escapes from the tank only at the expense of a severe electric shock. After the 
first eight generations of the experiment, the illuminated (and electrified) gang- 
way was made alternately the right and left one. Each rat is given six trials a day 
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until he has learnt to choose always the dimly rather than the brightly illuminated 
gangway, the criterion that the lesson has been mastered being the accomplish- 
ment of twelve successive escapes without error. Certain rats required over 
three hundred lessons before achieving this. 

The second report brings the experiment up to the twenty-third generation 
of continuous training. Certain alterations in procedure, and in the method of 
recording the results, make it impossible to give a numerical comparison of the 
rate of learning extending over the whole experiment. Taking, however, the latter 
part of the experiment, over which a comparable numerical measure can be given, 
Table 1 of the second report shows that the average number of errors made per 
rat in the progress of learning to avoid the bright gangway in the nine genera- 
tions 14 to 23, was respectively 80, 70, 73, 46, 62, 47, 37, 36, 25. The number of 
rats trained in each generation varied from 10 to 34, except in generation 16, 
when it was only five. 

The improvement in the performance is shown not only by the diminution of 
the number of errors in successive generations of trained rats, but also by com- 
parison of these with control rats. The latter were ‘‘of the same stock’’ as that 
from which the trained rats had been derived, both having been obtained from 
the well-known Wistar Institute colony. Two batches of controls, one consisting 
of 17 and the other of 10 rats, gave, as the average number of errors per rat, 170 
and 164 respectively, in marked contrast to the numbers given above for rats of 
trained ancestry. 

Indeed, whatever sort of comparison is instituted, whether between suc- 
cessive generations of trained rats, or between them and controls, the evidence 
of increasing facility of learning or of a growing disposition to fear the bright 
light seems overwhelming. 

McDougall seems to dispose effectively of the possibility of selection being 
responsible for the result. In a subsidiary experiment he even obtained similar 
evidence after two generations of adverse selection, i.e., selecting for parentage 
the slowest learners of each generation. 

Corroborative evidence of Lamarckian inheritance was obtained by training 
rats for seventeen generations to escape from a water maze, the measure of rate 
of learning being the total time spent in the maze during their six daily immer- 
sions in the first twelve days of each rat’s training. 

So far as the reviewer can see, there is no alternative to the Lamarckian ex- 
planation to be offered from the genetic point of view, nor is he aware of any 
criticism on these lines. It would appear that an alternative explanation can only 
be looked for in some factor concerned with the training or learning process itself 
—though it is not easy to see what this could be. McDougall himself discusses a 
number of possibilities, only to exclude them all. Remembering, however, the 
fate of all previous experiments which have been greeted as the long looked for 
proof of Lamarckian inheritance, it seems necessary to suspend final judgment 
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until this experiment—or one on similar lines—has been repeated by some other 
worker. It is greatly to be hoped that this will soon be done.1 Meanwhile, it seems 
that MeDougall has made out a very strong case, and further reports of this 
experiment, which is still proceeding, will be eagerly awaited by biologists. 


DISCUSSION. 


This review is intended to deal only with certain experiments currently 
quoted as evidence of Lamarckian inheritance. Hence it is no part of its scope to 
deal with the evidence for and against it in any general way. However, Mc- 
Dougall has made out such a strong prima facie case for his own experiment, that 
it is relevant to discuss the general significance of it, assuming, for purposes of 
discussion, that it is to be taken at its face value. If this is assumed, how does 
it affect our general outlook upon Lamarckian inheritance? 

At once, of course, it would involve our acceptance of this form of inheritance 
as a fact, which is overwhelmingly the most important point. But the success 
of this experiment, contrasted with the failure of all other attempts to produce 
any positive evidence worth serious consideration suggests a probable limitation 
in its operation. It by no means follows that it would be justifiable to adopt the 
attitude that the inheritance of acquired characters had been demonstrated, and 
that this could be applied to evolutionary problems generally. 

The difference between McDougall’s experiment and all the others lies in 
this, that in his experiment a stimulus (degree of illumination) which was at the 
beginning of the experiment without specific significance, came ultimately to 
have that significance, or meaning, to the rats. If an insect or a salamander 
changes colour in response to change of colour of its environment, the response 
is automatic—that is to say, various colour responses are potential in the animal, 
and the response which is liberated is released automatically by the stimulus 
But in the case of the rats, the potential, and automatically released, response is 
the struggle to escape from the water. At first, the degree of illumination is not 
specifically related to that response. Only as the result of experience, gained by 
the method of trial and error, is that significance acquired. What is inherited 
in this case, therefore, is not a greater facilitation in the release of one among 
many potential responses, but a greater ease in perceiving that peculiar relation 
between subject and object which involves meaning or significance of one for the 
other. McDougall himself, over a long series of years, has shown the funda- 
mental importance of the concept of meaning to psychology and biology. 

It is perhaps not an impossible step from greater ease in arriving at a per- 
ception of this relation to the development of an innate knowledge of the relation 
without individual experience at all, and so to the evolution of an instinct in the 
rats to avoid escaping from water by a brightly illuminated route, comparable to 





1 Since writing the above, we have started to perform an experiment similar to McDougall’s 
in this laboratory. 
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the instinctive avoidance by an animal of its natural enemies, or indeed the rela- 
tion between any animal and the objects towards which its instinctive actions 
are directed. 

Psychologists have indeed always been fond of invoking Lamarckian in- 
heritance to account for the evolution of instincts. The animal is supposed to 
know what to do and how to do it from ancestral experience. It is natural 
that MeDougall’s experiment should be regarded as greatly strengthening this 
view. But it is surely possible to find many instincts to which this explanation 
is not applicable. It could only apply, for instance, to those instincts which 
could conceivably have been built up from actions found in the first place acci- 
dentally to give satisfaction—and the satisfaction must be of an immediate kind, 
to the performer itself, and not, for instance, to its offspring. Only in this way, 
so far as I can see, could the general tendency of animals to repeat actions found 
to give satisfaction, result in the formation of new habits. 

Again, there are instincts connected with copulation and oviposition, which 
may be performed only once in a lifetime, and at a time when the gametes are no 
longer organically connected with the body ; the evolution of these instincts could 
not be explained on Lamarckian lines without the aid of ad hoc supplementary 
hypotheses. Even with the aid of the Lamarckian factor, therefore, it appears 
that one cannot give a general account of the evolution of instincts without 
assuming a very important amount of variation prior to experience. 

Passing from instinctive behaviour to vital processes in general, is it possible 
to find any relevance in MeDougall’s experiment to the evolution of these pro- 
cesses? It seems to the writer that there is very strong reason for including vital 
processes such as embryonic development, regeneration, and the like in the same 
category as instinctive behaviour, but the application of the Lamarckian factor 
to their evolution encounters even more difficulties than in the case of instinct. 
For up to the present, no power of learning by experience has ever been demon- 
strated in these processes. Indeed, the experimental difficulties in the way of 
making an organism repeat a morphogenetic process several times in a lifetime 
are very great. I may perhaps add that my own experiments (1931) on the 
regeneration of the antenna in Simocephalus and Daphnia were directed towards 
solving the problem in the case where the repetition is extended over many genera- 
tions. When the antenna is amputated, a new one is produced, but this is very 
imperfect and highly variable. The problem was: will the process run any more 
smoothly, will it result in a more perfect and less variable organ if the regenera- 
tion is repeated many times, as a rat learns eventually, within its own lifetime, to 
run a maze correctly without turning into any of the blind alleys? The result 
of this experiment was completely negative. After a hundred generations of 
amputation and regeneration, the antennae were regenerated neither better nor 
worse than in animals with no ancestral experience of regeneration. 

It is not, however, as a factor in evolution that the problem of the inheritance 
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of acquired characters derives its only, or even its main, importance. The 
definite establishment of its occurrence, even if only in the restricted sphere of 
conscious behaviour, would be of paramount importance to an understanding of 
the living organism. 
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THE INNERVATION OF THE STRIATED 
MUSCULATURE IN PYTHON 
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(From the Department of Zoology, University of Melbourne). 
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Recently the results have been published of several investigations on the 
innervation of snake muscle, and in particular on that of Python. The interest 
of the subject lies in the fact that the ordinary methods of nerve staining regu- 
larly display within the muscle tissue two obviously different types of nerves 
that form end-organs on the muscle fibres. These are the coarsely medullated and 
the finely medullated, or even unmedullated, nerves. The former are obviously 
somatic motor. The finer fibres have received various interpretations. Tschiriew, 
who discovered them in 1879, took them for immature nerves, and most other 
writers have accepted this view. Bremer (1882) pointed out some facts which 
were inconsistent with this interpretation, and suggested that they were sensory. 
The delicacy of the fibres has suggested to some recent authors (Kulchitsky, Dart) 
that they are sympathetic, and this view has found particularly striking expres- 
sion in the work of J. I. Hunter, who based on it a theory of muscle tonus. 


The Nerves to the Striated Muscle Fibres. 


In gold chloride preparations the bundles of nerve fibres may be seen with 
great clearness traversing the muscle tissue. The bundles branch repeatedly, the 
nerve fibres separating out or branching into them. Eventually there emerge 
from the bundles the individual nerve fibres. 

The nerve bundle is completely encased by the sheath of Henle. With gold 
chloride this sheath scarcely stains at all; its nuclei are usually clearly visible. 
As the individual nerve fibres emerge from the bundle, the sheath of Henle forms 
a tubular encasing for the emerging nerve fibres (figure 1). It accompanies them 
to their termination, and eventually becomes continuous with the sheath of the 
muscle fibre. 

Two distinct forms of nerve fibres may be recognized emerging from the 
nerve bundles, the coarsely medullated and the unmedullated, or only weakly 
medullated fibres. Whilst the coarse fibres eventually emerge singly from the 





1 By most authors the sheath of Henle which encases the individual emerging nerve 
fibres is mistaken for neurolemma; this has led to the erroneous statement that neurolemma 
is continuous with sarcolemma. 
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. 1, A small nerve bundle whose fibres are proceeding to form end-organs on adja- 
cent muscle fibres: a, coarsely medullated fibre; b, weakly medullated fibre; c, unmedullated 


fibre. The sheath of Henle is indicated by s.H.; note its relation to the sheath of the muscle 
fibre at X. Python; intercostal muscle; gold chloride. 
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nerve bundle to form end-organs on the muscle fibres, the fine fibres do not always 
do so. On the contrary, several fibres may emerge from the bundle, enclosed in 
a common sheath of Henle, and eventually form a common end-organ on the 
muscle fibres. These various conditions are shown in figure 1. But although the 
fine fibres may sometimes pass directly to a muscle fibre and end there, yet more 
commonly they give rise to a plexus of fine fibres, up to five or six in number, 
that traverse the muscle tissue in a very characteristic manner. Enclosed in a 
thin investing sheath of Henle they may, in suitable preparations, often be traced 
for very long distances. At irregular intervals they develop end-organs in con- 
nection with the muscle fibres. Usually these end-organs arise from fine col- 
laterals of the tract of non-medullated fibres, and one, or sometimes several 
collaterals from various fibres of the bundle, may form end-organs on a single 
muscle fibre (figures 4,5). But occasionally the end-organ is not formed at the 
end of a collateral, and in that case the main bundle of fine nerve fibres is con- 
tinued as the result of a development of ultraterminal fibres from the end-organ 
itself (figure 2). Such a condition was first described by Bremer (2) for the 








Pig. 2. Unmedullated fibres forming end-organs on muscle fibres. Note the formation 
of ultraterminal fibres from the large end-organ. 
Python; tail muscle; gold chloride. 


fine fibres of frogs and Lacerta, and I have seen it also in the muscles of the lizard 
Egernia (9). The sheath of Henle that encases these bundles of fine fibres is very 
thin, usually much thinner than that of the larger nerve bundles. Sometimes it is 
quite clearly to be seen, and may even be followed on to the fine collaterals that 
are proceeding to end-organ formation. But it is not always possible to say with 
certainty whether it is present, since in optical longitudinal section its walls, 
which then appear as two fine lines, may be indistinguishable from the finest 
nerve fibres. 
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When the fine unmedullated fibres are traced backwards towards the large 
nerve bundles from which they have arisen, they are sometimes seen to develop 
a very thin medullary sheath. Very often it is possible to observe that a fine 
unmedullated fibre is merely a collateral of a thicker medullated fibre, from 
which it has branched at a node of Ranvier; and not infrequently it may be seen 
that a whole bundle of non-medullated fibres that are proceeding to form one of 
the above described plexuses of fibres, has arisen by the simultaneous formation 
of collaterals from a bundle of larger medullated fibres, each collateral growing 
out as usual, from a node of Ranvier. But there are also many fibres, which, 
as far as it is possible to trace them backwards, do not present a visible medullary 
sheath. 





Fig. 3. Coarse form of motor ending: s.H., sheath of Henle; n.H., one of its nuclei; 
n.n., neurolemmal nucleus; a., axon; m., myelin sheath; t.n., telolemmal nucleus (Kiihne). 
Two sole plate nuclei are visible. 

Python; intercostal muscle; gold chloride. 


Although the thick and thin fibres terminate by end-organs that are mostly 
distinguishable without difficulty, yet they do not present such a striking contrast 
as in lizard muscle. Indeed, the common designation ‘‘terminatisons en plaques”’ 
and ‘‘t. en grappes,’’ by which we describe the two forms of ending, whilst useful 
for lizard muscle, is scarcely appropriate for distinguishing them in python tissue. 
This has already been noticed by Wilkinson (10). Usually the nerve fibre 
divides, immediately before end-organ formation, into several smaller branches ; 
from these branches side twigs grow out, and end by comparatively large ‘‘end- 
knobs’’ within the sole plate protoplasm. Often the ‘‘knobs’’ are grouped into 
secondary clusters. These are the type I endings of Kulchitsky. Neither the sole 
plate nor its nuclei are usually visible in surface views of the end-organ when 
stained by the gold method ; but in Bielschowsky preparations the nuclei are often 
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seen forming an irregular ring round the branching end-ramification. In gold 
preparations there commonly appears a dark line immediately surrounding the 
nerve terminal (figure 3); this must not be confused with the true sole plate 
protoplasm, which is usually invisible. It was first described by Kiihne (5), who 
regarded it as the perifibrillar substance of the axon end-ramification, and there- 
fore called it the ‘‘stroma.’’ This interpretation may readily be shown to be 
incorrect, since the structure persists apparently unchanged even after the axon 
terminal has been experimentally degenerated. Its possible nature is discussed 
in another paper (9). All observers are agreed that the coarse endings are 
‘‘hypolemmal.’’ They are always accompanied to their destination by a strongly 
developed sheath of Henle, which forms the telolemmal sheath over the end-organ, 
and finally merges into the muscle fibre sheath. 























Pig. 4. ‘‘Terminaisons en grappes’’ of fine unmedullated nerves that arise as collaterals 
from delicate (unmedullated?) fibres. 
Python; intercostal muscle; gold chloride. 





Fig. 5. ‘‘Terminaisons en grappes’’ of fine unmedullated nerves that arise as collaterals 
from delicate (unmedullated?) fibres. 
Python; intercostal muscle; gold chloride. 
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The most obvious distinction that the thin fibres present lies in the feeble 
development of the sheath of Henle. At some distance from the end-organ the 
sheath is usually visible, and in cases where several fibres are about to terminate 
on a single muscle fibre, forms a sheath common to them all. But often it becomes 
closely applied to the nerve fibre that it encases, and it is then impossible to say 
whether it actually ends, or whether it forms a closely investing sheath to the 
fibre. As in the coarse nerve terminals, the nerve ends in numerous ‘‘knobs.’’ 
These are Kulchitsky’s type II endings (figures 2, 3, 4, 5). 

In general form the two types of end-organs differ considerably ; for while 
the coarse fibres form rounded or oval end-plates, those of the fine fibres are 
usually elongated and drawn out along the long axis of the muscle fibre. Some- 
times only two to three ‘‘end-knobs’’ are -present, but usually many more; some- 
times they are very numerous. The end-knobs are generally smaller than those of 
the coarse fibres, but this is not always the case. The ‘‘stroma’’ of Kiihne that 
is so prominent in the coarse type of endings, seems only rarely to be present. In 
the best preparations that I have so far obtained it can only seldom be seen, 
though there is often visible a small aggregation of granules beneath the end- 
knobs. In material stained by the reduced silver methods the knobs appear 
usually as coarse or delicate loops (figure 6). 

















Fig. 6. Endings of fine unmedullated nerves on muscle fibres. In one case the fine 
fibre arises as a collateral from a coarser, probably medullated, fibre. 
Python; tail muscle; Bielschowsky-Gros method. 


Kulchitsky thought the type II endings were epilemmal; Boeke states that 
many of them are hypolemmal. In my experience it is often a most difficult 
matter to determine the position of the ending. When seen in accurate profile, 
especially in Bielschowsky preparations, their ‘‘hypolemmal’’ position is often 
apparent. But the sheath of Henle is usually so delicate that its continuation— 
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the telolemmal sheath—may be invisible; and in that case we have no certain 
means of determining whether the ending is hypolemmal or epilemmal. That 
many of the fine end-organs are intimately attached to the muscle fibres is shown 
by manipulating them in gold preparations; for if pulled upon, they may be seen 
to drag the muscle fibres after them. But even then the ‘‘hypolemmal’’ position 
of the ending may not be visible. However, while it may often be impossible to 
determine the position of the finer endings, I have never seen any cases where the 
ending was definitely epilemmal; there do not then seem to occur any endings 
comparable, for example, with the sensory endings discovered by Dogiel in the 
extrinsic eye muscles. 

Kulchitsky found that in Python ‘‘the medullated and non-medullated fibres 
never terminate on the same muscle fibre.’’ According to Elliot Smith (8) in 
Kulchitsky’s preparations the coarse nerves supply thick muscle fibres, the 
unmedullated nerves thin muscle fibres, and the former type of muscle fibre is 
over twice the thickness of the latter. Kulchitsky’s preparations formed the basis 
of Hunter’s conception of a somatic and sympathetic innervation of thick and 
thin muscle fibres respectively. 

A detailed examination of this question in a series of reptiles might lead to 
interesting results. For instance, Wilkinson found in the lizard Tiliqua a con- 
dition similar to that described by Kulchitsky for Python. On the other hand, 
in the lizard Egernia many cases are found of coarse and fine nerve fibres ending 
on the same muscle fibre ; this was found also by Bremer (2) for Lacerta, and for 
the frog. Kulchitsky’s statement is in my experience generally true for Python; 
and when in that animal a bundle of muscle fibres is isolated over a considerable 
distance, it is sometimes possible to observe that the coarse fibres from one tract 
of nerves will supply certain fibres of the muscle tissue that it traverses, whilst 
a distant tract of fine unmedullated fibres will terminate on just those muscle 
fibres that are not innervated by the first tract. Nevertheless, exceptions do occur, 
despite Kulchitsky’s statement to the contrary, and occasionally, though rarely, 
coarse and fine fibres may be seen ending on one and the same muscle fibre. 

My own observations lend support to the statement of Elliot Smith that the 
coarse nerve fibres in python supply thicker muscle fibres, the unmedullated 
nerves thinner muscle fibres. But in the tissue that I have examined (see, for 
example, figure 1), the distinction is never so marked as in Kulchitsky’s material ; 
the diameter of the muscle fibres supplied by coarse nerves measured on the 
average 76. (20 measurements), that for the fine nerves 61u. There is much 
variation in diameter of the muscle fibres of the two groups, and the largest of 
the group of muscle fibres innervated by the unmedullated nerves may even 
exceed the diameter of the thinnest of the other group. (The measurements, 
though comparable, are not absolute, for they have been made on histologically 
prepared material.) 
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Origin of the Nerve Fibres that Supply the Striated Muscle Tissue. 


There is no reason to suspect that the coarse fibres that form the type I end- 
ings of Kulchitsky are other than somatic motor fibres. But the origin of the fine, 
unmedullated, or weakly medullated nerves that form the type II endings has 
been much discussed. Their discoverer, Tschiriew, regarded them as young 
forms, ending in immature muscle fibres, and thought they would eventually 
develop into fibres with coarse (type 1) endings. Bremer took them for sensory. 
Kulchitsky thought they were probably sympathetic. Dart regarded their sym- 
pathetic origin as demonstrated by the fact that they were unmedullated or only 
weakly medullated. On the other hand Wilkinson, noting that they often arose 
as collaterals of medullated nerves, ascribed a cerebrospinal origin to them. 
Hunter regarded their sympathetic origin as beyond question, and based on this 
his theory of tonus. Boeke concludes that most of the fibres belong to the somatic 
motor system; he thinks it possible that some of the finest of them may be sym- 
pathetic, but points out the need of degeneration tests to decide the matter. 

It seems that presence or absence of a thin medullary sheath is an uncertain 
criterion on which to base conclusions as to the somatic or sympathetic origin of 
nerve fibres. As early as 1842 Bidder and Volkmann showed that many sym- 
pathetic fibres were weakly medullated; and that the post-ganglioniec ciliary 
nerves are all medullated. Subsequently, Langley reinvestigated the matter, and 
found that the proportion of medullated fibres of postganglionic origin varied 
considerably in different mammals; he states that in the frog medullated fibres 
even predominate (7). 

However, even if there were any structural feature by which the somatic or 
sympathetic origin of any particular fibre could be decisively determined, such a 
conclusion would apply only to the particular fibre on which the observation had 
been made. On the other hand a degeneration test has the advantage that it can 
decide with certainty the origin of all the stainable fibres in a tissue. 

Although in Python many of the fine fibres that form the type II end-organs 
may be indistinguishable in appearance from sympathetic fibres of blood vessels, 
yet there is one fact alone that would render their sympathetic origin extremely 
improbable. This is, that the type II end-organs vastly outnumber the coarser 
type I endings. In the tissue that I have examined, only 82 out of 700 endings 
counted (i.e. 12%) were of the coarse type. As above described, several non- 
medullated fibres may enter into the formation of the type II endings; in the 
present estimate such a compound end-organ has always been reckoned only 
as one. Now in Python many muscle fibres, if isolated over sufficient length, are 
found to possess two, or occasionally even three distinct endings of type II. But 
assuming that on the average there are two fine endings on each of the muscle 
fibres supplied by such nerves (which is probably an over-estimate), and that the 
type I endings occur only singly on the fibres innervated by them, even then only 
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about one-fifth of the muscle fibres would be supplied by coarse nerves, the re- 
mainder by thin fibres. If the latter were regarded as sympathetic it would mean 
that this system, in addition to controlling the action of the glands, and the plain 
muscle of the viscera and blood vessels would have under its care four-fifths of 
the skeletal musculature of the animal. It is obvious that most of the fine nerves 
that have been taken for sympathetic nerves ending on the striated muscle fibre 
cannot be of sympathetic origin. Are then any of them sympathetic? 

To determine this a degeneration test was performed on a python. The 
operation consisted in snipping off, under light anaesthesia, the tip of the tail 
and forcing a piece of sterilized wire along the spinal canal to within a short 
distance of the cloaca. By this means the spinal cord of the tail was completely 
destroyed, but the spinal and sympathetic ganglia left intact. After 120 days 
a part of the tail was removed, and the muscle tissue prepared, partiy by the 
Bielschowsky and partly by the gold chloride method. The remainder of the tail 
was removed after a total degeneration period of 165 days, and the tissue similarly 
prepared. 

In gold preparations of the normal tail muscle the two types of nerves can be 
found in large numbers without difficulty ; but in the operated material degen- 
erated remains of what were apparently the coarse nerve fibres may often be seen, 
while the fine nerves that form end-organs on the muscle fibre have completely 
vanished. Since intact sympathetic fibres are still visible in large numbers on the 
blood vessels, we seem justified in concluding that the nerve fibres originating 
from the sympathetic ganglia do not supply the striated muscle tissue itself, but 
only its blood vessels. In such preparations the sensory fibres of muscle spindles 
are preserved, for the operation does not destroy the sensory ganglia. It follows 
that all the fine fibres must be somatic motor. Bielschowsky material yields 
similar results. 

Are the fine endings merely immature forms of the coarse type, as Tschiriew 
and others after him have thought? This would seem very improbable. The 
tissue which I have examined was taken from snakes six feet in length, and 
therefore by no means fully grown; but it would seem unlikely that even in this 
tissue only 12% of the fibres should have reached maturity. There is no reason 
to doubt that the coarse and fine fibres of Python are comparable with similar 
fibres of lizards. Young and old specimens of these animals may readily be ob- 
tained ; in the lizard Egernia I find (9) that the two types of endings are just as 
common in very old animals as in recently hatched individuals, those from young 
and old animals differing only in size. I conclude, therefore, that the fine nerve 
fibres are neither sensory nor sympathetic, nor immature motor fibres, but a 
distinct form of motor fibre, originating in the spinal cord. In mammalian limb 
muscle such a differentiation of the somatic motor fibres does not occur. 








2 Tail muscle from the blue tongue lizard (Tiliqua), in which the somatic motor nerves 
have degenerated for three months following upon similar pithing of the tail cord, has given 
similar results. 
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Muscle Spindles. 


Description of the innervation of the spindle fibre is unnecessary here; for 
details the papers of Kulchitsky and of Dart may be referred to. 

The coarse medullated fibres that enter the encapsulated region of the spindle 
and form characteristic end-organs there, are the sensory fibres. In tissue from 
the python operated upon as described above, they remain intact. 

The second type of fibre that ends on the spindle is much more delicate, and 
usually (in Python) non-medullated. It is evidently the same as the ending 
discovered by Kerschner in 1888; several may be present on one spindle fibre. 
Perroncito in lizard tissue apparently satisfactorily demonstrated its origin, by 
observing it to arise as a collateral from a coarse medullated fibre which itself 
formed a typical motor end-organ on a muscle fibre. Kulchitsky could not 
observe this in Python, and thought the nerve was perhaps sympathetic. Dart 
believed that there could be no question about its sympathetic nature. 
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Fig. 7. Tendon organ of Golgi from external perimysium. Somatic motor nerves de- 
generated 102 days. 
Python; tail; gold chloride. 


However, there can be no doubt that Perroncito’s interpretation was correct, 
for the fine nerve is never found in the operated tissue from which somatic motor 
nerves alone have degenerated, but is easily demonstrable in normal unoperated 
tissue. 
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Golgi Organs. 


In the normal and the operated material there are sometimes found extremely 
coarse medullated fibres that do not terminate in spindles, but may be traced 
sometimes for great distances to their endings. These endings are situated, not 
amongst the muscle fibres, but in the dense fibrous external perimysium. They 
are evidently sensory endings—the tendon organs of Golgi. Figure 7 renders 
verbal description unnecessary. 


SUMMARY. 


1. The somatic motor nerves in Python have been identified by a degenera- 
tion test. 

2. They are present in the striated muscle tissue in two distinct forms: 
(a) coarse medullated fibres, (b) fine unmedullated fibres. The latter are often 
seen to arise from fine or even moderately coarse medullated fibres. 

3. The form of the two types of end-organ is described. 

4. The muscle spindles are innervated by somatic motor and sensory fibres, 
but not by sympathetic fibres. 

5. Sensory endings are also found in the external perimysium (Golgi 
organs). 

6. Sympathetic fibres are found only on the blood-vessels. 
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Some five years ago, during the course of experimental studies on growth 
and senescence, Robertson noted an improvement in the growth rate of the 
white mouse when comparatively large amounts of vitamin D, in the form of a 
commercial cod liver oil concentrate, were added to a supposedly adequate diet. 
The results were not published until means became available for repeating the 
experiment, and in June, 1929, a second experiment was started to determine the 
effect on growth rate and longevity of mice receiving relatively large daily 
additions of vitamin D and vitamins A + D to the dietary. 

In the first experiment two groups of 36 animals were employed, and in the 
second experiment 108 animals were divided into three experimental groups. 

The animals were drawn from the same breeding stock that has previously 
been described by Robertson (1925). They were weaned at three weeks, and 
removed to the experimental cages at five weeks of age. In these experiments 
we have adopted the conventionally approved plan of choosing the control and 
experimental animals alternately from the same litters, assuming that different 
animals of the same litter are less variable than the population taken as a whole. 
The experimental cages were built entirely of metal and vita-glass, and were 
sterilized once each week so as to eliminate epidemic infection. The first 
experiment was carried out in the Darling Laboratories in a room facing south, 
with windows of ordinary glass, and warmed in winter with radiators. The 
animal rooms in which the second experiment was carried out are lit from 
above with vita-glass skylights, and are warmed in winter to 70°F. by means of 





1 These experiments have been carried on since the death of Thorburn Brailsford Rebertson 
by his colleagues, Hedley R. Marston, M. C. Dawbarn, J. W. Walters, and J. D. O. Wilson. 
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a central heating device. In summer, however, the temperature often rises in 
the daytime to above 90°F. 

The standard diet fed to the mice, ad lib., consisted of yellow maize, and rice 
boiled in fresh milk, to which was added a small quantity of NaCl, with the 
daily addition of 1 ¢.c. of a mixture of equal parts of whole egg and fresh 
milk for each animal. The fractions studied were added to the egg and milk, 
which was fed separately, and were thus consumed before the other food was 
touched. The animals took the maize germ in preference to the other parts of 
the grain, which were, as a rule, left uneaten. 


The First Experiment on Moderate Viiamin D Overdosage. 


Two groups of 36 mice, five weeks old, were arbitrarily chosen and treated 
throughout life identically in all respects, other than that one group received 
a daily! addition of 0-05 ¢.c. of commercial cod liver oil concentrate (ostelin) 
for each mouse in the egg-milk fraction of the diet. The animals were weighed 
weekly until they attained the age of 210 days, and thereafter fortnightly. In 
estimating the average weight of the animals at different ages any weights 
shortly anteceding death which are decidedly above or below the average pre- 
ceding weight of the animal concerned are excluded. The “probable error” of 
the mean weight of each group is determined and plotted along the time 
ordinate on either side of the mean weight. The growth curve is thus repre- 
sented as a surface (Robertson (1925)) when compared with the normal 
controls. 

The growth rate of the animals receiving vitamin D excess is slightly 
superior from 13 weeks of age, and the mean weight is definitely greater 
between 23 and 72 weeks. At one year after the experiment was begun the 
vitamin D fed animals were about 8 per cent. heavier than the normal controls. 
After 82 weeks the mean weight of the vitamin D animals declined more 
rapidly than the controls (figure 1, Tables 1 and 2). 


The Mortality Statistics. 


Of the 4 animals in the normal group which died before 400 days, post- 
mortem examination failed to render evident sufficient cause of death, and 
these were reported “probably died fighting.” In previous studies Robertson 
(1925) “exeluded all deaths which occurred before 210 days as accidental, and 
deaths from local infections which occasionally develop late in life in conse- 
quence of early injuries, were included in the death tables, since such infections 
which have remained latent for the greater portion of the duration of life would 
not lead to death of the animals were it not for the general senescent deterior- 
ation of the tissues.” 


1 Excluding Sundays. 
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If we include all animals except those expiring before 210 days, the mean 
life duration of the control animals was 654 + 24 days, whereas that of the 
vitamin D fed animals was 731 + 18 days. If, however, we exclude the 
animals which “probably died fighting” before 400 days of age, since such an 
age might not be considered “late in life,” the mean duration of life of the 
control animals becomes 703 + 21 days, and that of the ostelin group 731 + 18 
days, as before. The expectancy of life for animals living at 500 days was 
234 + 21 days for the controls and 240 + 17 days for the vitamin D fed animals, 
a difference which was not significant. We must therefore conclude that cod 
liver oil concentrate fed at the level indicated has little or no effect on the 
longevity of the animals. 


The Second Experiment. 


Three groups, each of 36 animals were chosen in the manner outlined 
above. One group received the daily? addition of 50 units of vitamin D, another 
received 50 units of vitamin D + 460 units of vitamin A, and the third served 
as the control group. 

The vitamin concentrates utilized in this experiment were supplied to us through the 
courtesy of Doctors Jephcott and Bacharach, and the Glaxo Laboratories. The description 
of the estimation of the concentration of the active constituents in the fractions supplied 
was as follows: ‘‘Vitamin A + D. The colorimetric test of the unsaponifiable fraction 
showed the equivalent of 10-8 + 0-3 units of blue per gramme of original oil, or approxi- 
mately 45,000 units per gallon, or 225,000 units in all. According to Jones and Evers (1928) 
this figure may be multiplied by 85 to give approximately the number of vitamin A growth 
units. Assay of the vitamin D by the method of Jephcott and Bacharach (1926) showed 
that it contains 17,300 D units per gramme of extract. The sample supplied contains 2-12 
million units in all, The extract is largely freed from cholesterol.’’ The sample of D con- 
centrate supplied ‘‘was made by the irradiation of ergosterol, with the removal of that 
ergosterol unchanged by the treatment, and was diluted with olive oil to contain the same 


number of D units.’’ 

These fractions were diluted with pure olive oil, so that 40 units of D 
and 460 units of A were contained in 0-05 c.c. of the non-saponifiable fraction 
of the cod liver oil, and the irradiated ergosterol sample was similarly diluted, 
so that 0-05 ¢.c., which comprised the daily dose for each mouse, contained 50 
units of vitamin D. 

The growth of the animals receiving the addition of excess of vitamin D 
(figure 2, Table 2) was favourably influenced over the first 30 weeks of the 
experiment. This beneficial effect of the vitamin D was entirely counteracted 
by the addition of the vitamin A. The mean weight of the group receiving 50 
units of D + 460 units of A was, for a few weeks, slightly inferior to that of 
the controls, but after 20 weeks of age became identical. This experiment is 
still in progress, and the mortality statistics will be reported in a later com- 
munication. 








2 Excluding Sundays. 
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TABLE II. 
| ANIMALS Receivinea 0:05 c.c. Cop 
TaBLE I. CONTROLS. | Liver Or. CONCENTRATE (OSTELIN). 


First Vitamin D Experiment. First Vitamin D Experiment. 


| 
- | he 
a ~~. © | n ee © 
=x — @ b as = 2 a 
3. & Be S.. | S . mans 
ee F 6 sl so F 6a ail 
2s 5 sf SO | = a. =& ss, 
2 ¢ §5 sa° | Fs 2 $5 $a? 
Z<4q6< Sf ast Ad < Sf &S+ 
20 5 11-98 -39 23 5 11-80 -35 
33 «896 13-62-27 33-6) «14-09-36 
32 7 14-23 -37 32 7 15-53 -36 
35 8 15-70 -34 36 8 16-77 -33 
36 9 17-77 -35 36 9 18-53 -35 
36 10 19-14 -32 360«—« 10 s«d19-72—S—s«- 28 
35 11 20-51 -35 36=—C«d11s2-05——s«- 23 
36 12 21-44 = -35 36 12 22-08 .29 
36 13 22-24 -30 | 36 13 23-29 -24 
36 «14.—Ss« 23-00-—s-- 1 | 36 14 23-96 -17 
36 «15s 23-62 ~—s-28 36 15 24-65 -21 
36 16 23-97 -28 | 35 16 24-70 -23 
36 17 24-39 -32 | 36 17 25-23 -23 
36 18 24-84 -28 36 18 25-30 -23 
36 19 25-09 -27 36 «19 «25-75-21 
36 20s «25-50-26 36 «= 20s 26-22-20 
360 21s‘ 25-83-29 36 21 26-61 -21 
36-22 6-26— «27 36 22 26-86 -20 
36 23 26-43 -27 36 23 26-97 -21 
26 24 26-69 -26 36 2427-5520 
36 25 26-88 -28 | 36 «95)—Ss«O7-93) 2 
36 26 27-12 -27 36 26 28-13 -24 
36 27 27-25 -26 36 27 28-61 -25 
36 «28 «2S 27-51~—s«- 27 35 28 28-71 -27 
36 29 27-79  -30 34 29 28-73 -26 
35 30 27-85 -32 33 30 28-48 -24 
35 32 28-21 -32 35 32 29-48 -28 
34 34 28-19 -30 35 34 30-27 -29 
3436s 28-8329 35 36 30-54. -31 
33 38 28-75 -39 35 38 30-28 -33 
33 40 28-63 -33 | 35 40 30-37 -33 
33 42 28-96 -32 | 35 42 30-94 -35 
33 44 29-13 -32 35 44 31-50 -36 
33. 46 29-14 -37 35 46 31-41 -35 
33. 48 29-28 -37 35 48 31-44 -35 
33 50 28-98 -36 35 50 31-35 -38 
32 52 29-51 -34 35 52 31-97. -39 
32 54 29-59 -33 35 54 31-94 -41 
32 56 29-90 -37 35 56 31-97 -45 
32 58 30-10 -39 35 58 31-95 -43 
32 60 30-03 -39 35 60 31-77 -45 
32 62 29-85 -42 34 62 31-98 -36 
31 64 30-17 -46 34 64 31-88 -42 
31 66 30-40 -51 34 66 32-03 -47 
31 68 30-51. -51 34 68 32-01 -47 
30 70 30-65 -54 34 70 32-23 +45 
28 72 30-57 -60 34 72 31-50 -49 
27 «74 +«=030-39—Ss«- 58 32 74 31-00 -45 
27 #76 30-66 -52 30 76 31-71 -42 
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TaBLe I (Continued). TABLE II (Continued). 
| 
: s 
a - | a a 2 od 
ie - = 2 | a = 2 ~ 
o 5S ee 3 oS we ° 
a Ps Pa a | ae PS Se Sef 
fs = FE 35 | Be = FE 23! 
eG 2 §6 42 | sf 2 §0 225 
s oo apes ss - = 
Za < ‘S | ZA<do< £8 ast 
26 78 30-17 -64 30 78 30-95 -47 
°5 80 30-74 -64 | 30 80 30-50 -45 
2 82 30-21 -67 30 82 30-26 -51 
21 «84 30-11 = -56 | 29 84 29-20 -48 
19 86 30-65 -67 25 86 30-16 -45 
19 88 30-36 -58 | 23 88 28-69 -44 


19 90 30-34 -60 | 23 90) «28-45-51 
22 92 28-16 -56 

15 94 29-86 -54 | 21 94 28-36 -51 
15 96 29-60  -66 } 21 96 27-76 -57 
19 98 28-21 -53 








12 100 29-45 -37 19 100 28-18 -58 
12 102 29-33 -59 | 19 102 27-47 -66 
12 104 «98-91-70 17 104 27-23 -74 
11 106 29-36 -62 | 16 106 27-03 -76 
11 108 28-86 -43 15 108 27-26 -60 
11 110 28-22 51 14 110 26-53 -72 
8 112 28-18 -30 12 112 27-25 -60 
8 114 28-31 -21 12 114 26-04-67 
7 116 27-28 -16 11 116 25-45 -86 
7 118 27-42 25 10 118 25-35 -99 
7 120 27-35 35 | 9 120 25-94 -77 
7 122 27-28 .23 9 122 26-00 -62 
7 124 26-57 -42 8 124 26-37 -64 
6 126 6-83 -42 8 126 25-06 -67 
6 128 26-33 -3 | 7 128 25-07 -88 
5 130 25-20 -42 5 130 26-30 1-12 
4 132 25-62  -48 5 132 26-10 1-03 
4 134 26-00 -54 5 134 25-00 -97 
TABLE III. TABLE IV. TABLE V. 
CONTROLS. Vitamin D. Vitamins A + D. 
Pa ns g —— 2 a i ae © 
> we ~ ¢ we +. ¢ we & 
f <.s S28 £ <-.8 ‘sf SS £ 2.8 SS 
gq 6 ce g #6 32> | £2 3 3S 325 
< AS Z< < 2S ast Z< < AS ASt 
5 9-42 -163 36 5 9-01 -164 36 5 9-29 -190 
6 10-85 -201 | 36 6 10-71 -191 36 6 10-69 -253 
7 12-72 -269 36 7 12-76 -279 36 7 13-01 -302 
8 14-29 -312 36 8 14-78 -314 36 8 14-82  -345 
9 16-06 -298 36 9 16-38 -332 36 9 16-22 -317 
10 17-53 +329 36 10 17-75  -360 36 10 17-64 -333 
11 18-99  -305 36 «= o11s«d19-35s« 34D 36 11 18-43 -307 
12 19-94 -244 36 12 20-48 -315 36 12 19-31 -306 
13 20-67 -223 | 36 13 20-99 -263 36 13 19-93 -275 
14 21-39 -176 | 36 14+ 21-67 -243 36 14 20-75 -221 
15 22-07 -196 | 36 15 22-19 -226 36 15 21-40 -241 
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Tas.eE III (Continued). TasBLe IV (Continued). | Tasie V (Continued). 











24 102 30-38 = -308 24 102 31-02 = -469 21 102 29-74 -613 
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Bsa £ S Sea € SZ Ss & 

3. 8 és ee s. 2 2a Ss S S$ WE ae 
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Be &@ $5 22° | Fe & SS OS | Fe & ES BEL 
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35 16 22-51 161 36 16 22-67 223 36 1609-21-75 233 
35 7 23-07 166 6 17. 23-63 201 36 17 22-35 235 
35 18 23-41 -174 | 36 18 24-24 -227 36 18 22-74 -255 
35 19 24-00 -176 | 36 19 25-14 -235 365 19 23-56 257 
35 20 24-11 +234 | 36 20 25-61 +232 36 20 24-14 -301 
35 21 24-74 +234 | 36 21 26-32 -246 | 36 21 24-76 -296 
35 22 95.06 -234 | 36 22 =. 26-81 -244 36 22 25-25 -293 
35 23 25-46 -215 | 36 23 («27-11 -257 | 36 23 25-64 ~=-307 
35 24 25-80 -214 | 36 24 27-46 -262 | 36 24 26-10 -327 
35 25 26-19  -231 36 25 27-85 -264 36 25 26-42 -357 
35 26 26-46 = -269 36 26 28-38 +264 36 26 26-64 -343 
35 27 26-90 -252 | 36 27 28-71 = -259 36 27 26-96-3771 
35 28 26-94 -235 36 28 28-72 -274 36 28 27-29 -393 
35 29 27-20 -272 36 29 28-94 -282 36 29 27-39 = -392 
35 30 27-64 -284 | 36 30 29-40 +302 36 30 27-94  -415 
35 32 28-21 -277 | 36 £32 29-68 -324 | 36 32 28-35 -435 
35 34 28-39 -288 | 36 34 29-75 323i 36 34 28-92 -447 
35 36 28-80 -290 | 36 36 29-96 332 36 36 29-39 = -- 465 
35 38 29-03 -292 | 36 3 30-33 372—CCS 35 38 29-71 -495 
35 40 29-53 +308 | 36 40 30-35 363 35 40 29-81 -494 
35 42 29-61 -311 36 42 30-33 -346 35 42 29-66 -488 
35 44 29-79 -347 36 44 30-60 +360 | 35 44 29-64 -461 
35 46 30-41 -345 36 46 30-92 375 35 46 29-97 -491 
35 48 30-54 -371 36 48 31-00 377 35 48 30-29  -498 
35 50 630-61 ~=—--336 | 36 50 «=: 31-04 363. 34 50 31-13 -471 
35 52 31-09 -337 35 52 32-40 -321 | 34 52 31-31 -507 
35 Se $12:49 -353 | 35 54 32-50 +333 | 34 54 31-18 -509 
35 56 31-54  -360 | 34 56 32-37 -395 | 34 £56 30-40  -467 
35 58 31-36 +353 | 34 58 31-69 -410 | 33 58 29-92 -470 
35 60 30-86 -366 34 60 31-13 -412 33 60 29-06 -422 
35 62 30-60  -360 34 62 30-85 -392 | 31 62 28-98 -366 
35 64 30-31 -304 | 34. 64 30-91 -360 | 30 64 29-98  -458 
35 66 30-47 -308 | 34 66 30-91 -376 | 30 66 30-52 -439 
35 68 30-63 -286 33 68 31-38 -325 | 30 68 30-77 -465 
35 70 30-81 -291 | 33 7 30-97  -368 | 30 70 30-98 -483 
35 72 30-83 -312 | 32 72 31-28 -364 29 72 30-74 -451 
35 74 30-96 303 31 74 31-05 +357 29 74 30-31 -507 
35 76 31-10 -294 | 30 76 31-83 -302 29 76 30-52 -509 
35 7 31-24 -327 | 30 78 32-22 -315 29 78 31-09 -489 
35 80 31-19 -382 30 80 31-95 -313 29 80 30-10 -558 
34 82 31-16 -354 | 30 82 31-50 -321 29 82 29-72 -593 
34 84 30-87 -367 | 30 84 31-10 -364 28 84 29-73 -506 
33 86 30-70 -347 | 30 86 30-93  -417 27 86 30-17. -532 
32 88 30-72 -330 | 29 88 31-29 -386 26 88 31-02 -570 
32 90 30-70 -408 | 29 90 31-71 +395 25 90 31-78 -590 
30 92 30-85 -340 29 92 31-72 -460 2: 92 31-78 -602 
28 94 30-32 -288 28 94 31-02 542 24 94 31-71 ~ = -630 
28 96 30-11 -330 28 96 30-75 -555 23 96 31-67 -621 
26 98 30-54 +365 26 98 31-23  -496 23 98 31-43 -542 
25 100 30-14 -355 26 100 30-50 -539 22 100 30-07 -531 
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DISCUSSION. 


The untoward effect of large doses of cod liver oil, which was noted in 
1922 by Takahashi, has been studied by a number of investigators, and the 
literature which has been reviewed by Harris and Moore (1928) indicates that 
the general sclerosis and deposition of calcium phosphate in the tissues after 
overdosage of vitamin D concentrates are due to the vitamin per se, and not to 
associated substances. 

The phenomenon of D hypervitamosis seems to become apparent only when 
rats receive very massive doses (from 10,000 to 100,000 minimal curative doses) 
of cod liver oil or irradiated ergosterol, and that smaller doses have little or no 
toxic effect. 

For example, Bills and Wirick (1930) concluded that after 10 months’ 
treatment rats receiving 100 times the minimal curative dose of irradiated 
ergosterol were in no way inferior to those animals receiving the minimal 
curative dose, and that 1,000 doses per day were just perceptibly harmful; 
while the experiments of Goebel (1929) and Shohl (1930) both indicate the 
beneficial effect on growth of moderate D overdosage. 

Whereas it is difficult to give a reliable approximation of the number of 
mouse units in the commercial cod liver oil concentrates used in the original 
vitamin D experiment, the daily dosage was certainly below 1,000 mouse units. 
The benefit in growth of the animals receiving this concentrate is apparent, 
and the mortality statistics definitely indicate that no untoward effect on 
longevity is to be expected from a daily moderate overdosage of vitamin D. 

Fifty rats units per day of vitamin D, prepared directly from irradiated 
ergosterol, caused an increase in the growth rate of mice similar to that experi- 
enced after addition of 0-05 ¢.c. of commercial cod liver oil concentrate 
(ostelin) to the diet. This beneficial effect is not evidenced by the animals 
which received a considerable overdosage of vitamin A superimposed on the 
50 rat units of vitamin D, and it would seem that vitamin A overdosage 
antagonizes the growth-promoting effect of moderate overdosage of vitamin D. 
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FOREWORD. 


Since Strasburger in 1893 showed “by detailed measurements that a fairly 
definite ratio exists between the nuclear size and the cell size in the embryonic 
cells of any given species of plant” (1), the subject of the relative size of the 
nucleus and the cell has occupied the attention of many biologists. 

Morphologists attacked the problem directly by making microscopic 
measurements of the sizes of cells and nuclei, but such a method involves many 
sourees of error, which have been discussed by Conklin (1), LeBreton and 
Schaeffer (2), and others. 

The identification of nucleic acid as a specific and universal constituent of 
the nucleus has led investigators to attempt its quantitative estimation, in order 
to use it as a measure of the amount of nuclear material in tissues. 

Thus LeBreton and Schaeffer (2) devised a chemical method for estimating 
what they called the “rapport nucléo-plasmatique” of tissues, in which total 
purine nitrogen served as a measure of nucleic acid, and so of the amount of 
nuclear material, total nitrogen as a measure of the amount of cytoplasm. 

Their method was applicable only to embryos or very young animals which 
contained no oxypurines, since only aminopurines can be used to measure 
nucleie acid, and they were unable to separate amino from oxy purines. 

If nucleic acid can be separated from other phosphorus-containing com- 
pounds the estimation of phosphorus will give a means of determining the 
quantity of nucleic acid present. Such methods of estimating nucleic acid 
from phosphorus determinations have been fully discussed by Javillier (3). 

The method devised by Brailsford Robertson (4, 5) for estimating nucleic 
acid is based on the measurement of guanine. It obviates the necessity for 
completely freeing the nucleic acid from other phosphorus-containing com- 
pounds, and from oxypurines. In his method for estimating the “nucleo- 
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cytoplasmic ratio” coagulable protein nitrogen is used as a measure of the 
amount of cytoplasm. 


This paper embodies the results of one of a series of experiments planned 
and commenced by Robertson in 1929, and now, in December, 1931, nearing 
completion. The experiment described in the preceding paper in this Journal, 
on the growth and longevity of the white mouse, is the counterpart of this, on 
the nucleo-cytoplasmie ratio. 

The treatment of the mice, which were all males, was the same in both cases. 
From the age of 35 days they were all fed on a diet of rice boiled in milk, raw 
egg, and maize grain. In addition the mice in Group M received %p cc. of 
olive oil daily ; those in Group N. olive oil containing 50 units of vitamin “D”; 
and those in Group O, olive oil containing 50 units of vitamin “D” and 460 
units of vitamin “A”. 

Each experimental unit was duplicated, the additional unit being drawn 
upon from time to time for the determination of the nucleo-cytoplasmie ratio. 

Animals were killed for analysis at 35, 75, 150, 250, 350, 500, and 700 days 
of age. The youngest animals were analyzed three together; in all other cases 
one at a time. Each mouse was weighed 12 hours before killing, starved for 
12 hours, weighed again, and then killed with chloroform. It was immediately 
chopped up with scissors, ground with sand, and plunged into boiling alcohol 
containing 10 c.c. of 2N. acetic acid per litre. 

The whole subsequent procedure for the determination of the nucleo- 
cytoplasmic ratio has been described in detail in two papers by Robertson (4, 
5). Essentially it consists in the following procedures: 


“(a) Grinding of the tissue with sand, followed by extraction with boil- 
ing fiftieth normal alcoholic and aqueous solutions of acetic acid, 
followed by further extraction with boiling fiftieth normal acetic 
acid in alcohol, and, finally, with ether, to remove non-coagulable 
nitrogenous constituents. 


(b) Hydrolysis of the residue with normal hydrochloric acid. 


(ec) Estimation of nitrogen in the hydrolysate and in the non-hydrolys- 
able residue. 


(d) Precipitation of purines from the hydrolysate by a modification of 
Kruger’s method. 


(e) Oxidation of the purines with permanganate. 
(f) Extraction of the oxidation-products with alkaline alcohol. 


(g) Estimation of the guanidine derived from guanine by oxidation 
with permanganate, employing Weber’s modification of Marston’s 
colorimetric reagent.” 
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A few alterations have been made in the details of the procedures: 


(1) The temperature of the oil bath in which the flask containing the 
tissues during hydrolysis was plunged, was reduced to approximately 105°C. 
(102°-110°C.). 

(2) Kieselguhr was not used at any stage for the removal of humin bodies. 
The method adopted for the purpose was based on that used by LeBreton and 
Schaeffer (2). The volume of hydrolysate employed in the estimations of 
guanine was 400 c.c. (four-fifths of the total), except in the case of the 35-day- 
old animals, when only 200 ¢.c. were taken. The acid solution was neutralized 
with NaOH, and 5 c.c. of 10% acetic acid added (2-5 ¢.c. for 200 ¢.c.), and the 
solution boiled for two minutes. A dark precipitate of humin formed, and was 
filtered off from the solution through a filter paper, which was then transferred 
to a beaker, and boiled with 40 ¢.c. of N. NaCl solution containing 0-1% acetic 
acid. This washing solution was poured through a second filter paper into the 
beaker containing the first filtrate, and a further 20 ¢.c. of washing solution 
used. The resulting filtrate, with washings, was then neutralized, trisodium 
citrate added, and the purines precipitated as previously described. 

(3) After centrifuging the purine precipitate from the supernatant solu- 
tion and washing it once, it was dissolved in 10 c.c. hot N. HCl as follows: 5 e.e. 
HCl were introduced into the tube, which was plunged into a boiling water 
bath. The compacted precipitate was stirred into the acid with a glass rod, 
which was then lifted out of the acid and held in the neck of the tube, while 
an additional 5 e.ec. HCl were poured over it into the tube. After draining it 
was removed. When the precipitate had dissolved in the acid the tube was 
removed from the bath and allowed to cool. The oxidation of the acid solution 
with N/2 KMnO, was carried out when it had cooled to room temperature. 
Very often the purines precipitated out again on cooling, but any precipitate 
readily dissolved on the addition of KMn0Q,. 

The oxidation must be carried out slowly, allowing the colour due to each 
drop of KMn0O, to fade before adding the next. The process is less tedious if 
two or three solutions are oxidized at the same time. With solutions of guanine 
the end point is the persistence of the pink colour from one drop of perman- 
ganate for 10 minutes. When adenine is present the persistence of an orange 
colour for 15 minutes after adding the last drop makes the best end point. 

When working with solutions of pure guanine I have been unsuccessful in 
recovering the theoretical amount of guanidine. When guanine was oxidized 
at room temperature higher results were obtained than when the KMnO, was 
added to a hot solution. Similarly, with solutions containing unknown quan- 
tities of adenine and guanine higher yields were obtained when the oxidation 
was carried out at room temperature. 

(4) The amount of KOH used during the alkaline extraction was varied. 
The details of this part of the process, as originally described, are as follows: 
The acid solution of oxidized purines is evaporated to dryness on the water- 
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bath. The residue is then extracted with 10 ¢c.c. of absolute aleohol + 1 c.c. 
14% KOH and 2 e.c. of hydrogen peroxide (10 volumes). Finally, a further 
20 c.c. absolute aleohol is added, and, after standing at least 30 minutes, the 
solution is filtered. The addition of KOH at this stage necessitates the addition 
of an equivalent amount of KCl (1 ¢.c. of 18-65% KCl) to the standard guani- 
dine solution with which the solution of unknown strength is finally compared. 

It was found, however, that if a 24% KOH solution were used during the 
alkaline extraction instead of a 14% solution, and a correspondingly greater 
amount of KCl in the guanidine standard, the yield of guanidine from guanine 
was greater. In a number of the estimations of guanine in mouse tissue, there- 
fore, 24% KOH, instead of 14% KOH was used. Subsequently a disadvantage 
in the use of the stronger KOH was noticed, in that it sometimes dissolved traces 
of manganese, which passed through to the end of the process, and, in the 
final alkaline solution in which the colorimetric estimation of guanidine was 
made, caused a cloudiness and obscured the true colour value of the solution. 
Clouded solutions after filtration gave low results. Indeed, if a perfectly clear 
solution were poured through a filter paper its colour was reduced. 

Occasionally, even when 14% KOH was used, the final coloured solutions 
clouded, but this happened much less frequently, and could be avoided by allow- 
ing the residues to stand for 50 instead of 30 minutes under alkaline alcohol. 
Latterly, therefore, 14% KOH was used, as originally directed. 

It will be noticed that in Table 1 in seven cases the results of the 
nucleic acid nitrogen determinations have been expressed in figures which are 
bracketed. The coloured solutions were clouded, and filtered, and the results 
obtained were therefore low. In two cases the depth of colour of the solutions 
was estimated before and after filtering. The true value will lie between the 
two estimates. 

The necessity for making the colorimeter readings against two standards, 
the one darker, the other lighter than the unknown, has been stressed in the 
second of Robertson’s papers on the subject. It is advisable that the standards 
should be of such a strength that they closely approximate to the unknown 
solution in colour. 

(5) The failure to obtain from guanine its equivalent of guanidine (esti- 
mated colorimetrically) necessited the introduction of a correction. The magni- 
tude of the correction depended partly on the strength of KOH used during the 
alkaline extraction. It was determined by making up equimolecular solutions 
of pure adenine and pure guanine, adding known volumes to N. HCl, and 
carrying out the whole process of precipitation, oxidation, alkaline extraction, 
and so on, finally comparing the colour given on the addition of Weber’s re- 
agent with that given by the standard guanidine solution. 

It was ascertained that over the range of concentrations with which I was 
working, the theoretical yield of guanidine could be calculated by applying 
one of the following formulae to the results actually obtained : 
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y =1-18 x + 3-7 (when 14% KOH was used) ; 

y = 1-05 x + 7-6 (when 24% KOH was used) ; 
when x = the final colour obtained, expressed as a percentage of 
the colour given by 10 ce. of a M/100 solution of guanidine car- 
bonate containing the required amount of KCl; 
and y = colour theoretically obtainable (1 molecule guanine == 
1 molecule guanidine). 

The reliability of these formulae may be gauged from the following 
experiments: 

(1) A sample of yeast nucleic acid obtained from British Drug Houses was hydrolysed, 
and the total purine nitrogen, total phosphorus, and guanine present in the hydrolysate 
were estimated. 

The results were: 


(a) Nitrogen in purine precipitate (1 estimation) indicated a -74 ie solution of 
yeast nucleic acid. 
(b) Phosphorus (1 estimation) indicated a -724 on solution. 


(ec) Three guanine estimations, using 14% KOH. 
Colour found 58-4% standard guanidine 


59-0% ” ” 
59-1% ai eS 
Average 58-8% ss aie 
x.". = 58-8 
y =73-1 indicating a 731 solution. 
100 


(2) N. HCl containing the soluble products of the hydrolysis of mouse tissue was neutral- 
ized and, after the removal of humin substances, samples of the solution were mea- 
sured out as follow: 


1 and 2 ie as 300 c.c. 
ee, ‘“ - 400 c.c. 
» «= * sie i 500 c.c. 


Guanine determinations were made on all samples. With 1, 3, and 5, 14% KOH was 
used; with 2, 4, and 6, 24% KOH was used. 


The following are the results obtained, expressed as a percentage of the standard guanidine 
solution. 


Volume Ratios Ratios 
Sample in Strength 1:3:5 1:3:5 
No. €.c. of KOH. x 2:4:6 y 2:4:6 
1 300 14% 36-8 2-94 47-1 3-00 
3 400 " 50-05 4 62-8 4 
5 500 . 62-85 5-02 77-9 4-96 
2 300 24% 37-1 2-84 46-6 2-98 
4 400 > 52-3 4 62-5 4 


6 500 rt 66-4 5-08 17-3 4-95 
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RESULTS OF THE ANALYSES. 


All the results obtained by applying the above method for the estimation 
of total coagulable nitrogen and nucleic acid nitrogen to the mice in Groups 
M, N, and O are given in tables 1, 2, and 4. 

The “nucleo-cytoplasmic ratio” was calculated by dividing the nucleic 
acid nitrogen by the total coagulable nitrogen less nucleic acid nitrogen 
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Upper curve: Variation of the ‘‘ nucleo cytoplasmic ratio’’ of the white mouse with age. 
Lower curve: Variation of the ratio between the weight of nucleic acid nitrogen and 
the weight of the mouse, with age. 


In Diagram 1 the nucleo-cytoplasmic ratio and the nucleic acid nitrogen 
per 100 parts of mouse have been plotted against the age of the animal. 

In Diagram 2 the nucleo-cytoplasmiec ratio is shown as a function of the 
animal’s weight. 

The figures used for the graphic presentation of results were obtained by 
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The ‘‘nucleo cytoplasmic ratio’’ of the white mouse plotted against its weight. 


averaging all the results available at any given age, whether the animals 
belonged to Group M, N, or O. 

LeBreton and Schaeffer (2) estimated the “rapport nucléo-plasmatique” of 
the white mouse at different stages of embryonic development, and after birth 
at 0-5, 5, 8, and 19 days of age, and expressed their results as the ratio between 
purine nitrogen and total nitrogen less purine nitrogen. 
reproduced in Table 3. 

From their figures I have calculated the ratio between nucleic acid nitrogen 
and total nitrogen less nucleic acid nitrogen. Even so the results are not 
strictly comparable with mine, because they used total nitrogen as a measure 
of cytoplasm, while in the present instance coagulable nitrogen was used. 

Nevertheless it seemed of interest to plot all the results available on the 
nucleo-cytoplasmie ratio of the mouse, as chemically determined, especially as 
this is the first time, so far as I am aware, that the ratio has been measured over 
the whole life span of any animal. Diagram 2 therefore shows LeBreton and 
Schaeffer’s results as well as mine. 

It is apparent from the tables and diagrams that, by the nineteenth day of 
age, the ratio has dropped to a fifth of the value it had early in embryonic life. 
Between 35 and 150 days the value drops from 0-052 to 0-032—a much more 
gradual, but still quite definite, fall. Between 150 and 250 days the ratio 
remains stationary, falls slightly between then and 350 days, but by 700 days 
has risen again. Unfortunately insufficient determinations were available at 


Their results are 
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500 days to make the means worth calculating, but the figures I had were 
approximately the same as those for 350 days. 

I thought that the fall in the ratio between 250 and 350 days, and its sub- 
sequent rise, might be apparent rather than real. 

By the method of R. A. Fisher (6) for calculating the significance of mean 
differences of small samples, it is possible to gauge the significance of the 
changes which the ratio undergoes after 250 days. Such a calculation makes 
it apparent that the fall between 250 and 350 days, and the subsequent rise, 
may both be regarded as significant. 

Table 2 shows the relative increase of the mean weight, mean coagulable 
nitrogen, and mean nucleic acid nitrogen per mouse, at any age, with reference 
to the value at 35 days. The mean weight tabulated in the second column is 
that of the animals in the part of the experiment on growth, described in the 
preceding paper. The figures are in every case greater than those in the fourth 
column, because the latter are mean weights after 12 hours’ starving. 

The nucleic acid nitrogen per mouse is shown to increase by 84% between 
35 and 250 days. By 700 days the value is 96% greater than at 35 days. It 
becomes obvious that the fall in the nucleo-cytoplasmiec ratio with age is de- 
pendent upon the more rapid increase in coagulable nitrogen than nucleic acid 
nitrogen, the former increasing threefold from 35 to 250 days of age. The rise 
at 700 days depends on the fact that nucleic acid nitrogen increases slightly in 
amount, while coagulable nitrogen does not. 

Mice aged 750, and possibly 800 days, will be available for analysis at a 
later date, and it will be of interest to trace the value of the ratio after 700 days. 

Attempts to measure the effect of growth on the ratio of nuclear to cell 
size have been made by morphologists, and have shown that its magnitude 
depends partly on the type of tissue examined. 

According to Minot (7), Eycleshymer (8) found that as the giant sala- 
mander (necturus) passed from the 8 mm. to the adult condition, the proportion 
of “protoplasmic substance and protoplasmic derivatives” per nucleus in the 
striated muscle fibres increased from 2,700 to 22,300, while the nuclei remained 
almost constant in volume. 

Busacea (9) found in the nerve cells of the spinal ganglion of the pig that 
the ratio of volume of cytoplasm to volume of nucleus rose from 1-56 to 135, 
while the weight of the animal increased from 0-71 grams to 156 kilograms 
(cited after LeBreton and Schaeffer). 

On the other hand, Conklin (1) wrote: “In the epithelial and gland cells of 
adult Crepidula the embryonic ratio of nucleus to plasma is maintained with 
little change.” 

In studies such as the present, and those of LeBreton and Schaeffer on the 
embryos of the chick, the pig, and the mouse, all the organs and tissues were 
analyzed together, and the results represent an average for the whole animal. 
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In each case the ratio of nucleus to cytoplasm was shown to fall during growth 
and devleopment. 

But Robertson’s work on the sheep, in which different organs and tissues 
were analyzed separately, showed that the “nucleo-cytoplasmic ratio” in the 
adult sheep as compared with the new-born lamb, was lower in glandular as 
well as in muscular organs. Since coagulable nitrogen was used as a measure 
of cytoplasm there was no danger of such substances as glycogen and fat in- 
creasing the apparent quantity of cytoplasm. 

It is interesting to note that in the male white mouse the parts of coagulable 
nitrogen per 100 parts of mouse, of extracted residue per 100 parts of mouse, 
and of nitrogen per 100 parts of residue, fluctuate a little, but not regularly, 
throughout life; also that the ratio of nucleic acid nitrogen to mouse weight 
varies with age in a manner similar to the ratio of nucleic acid nitrogen to 
coagulable nitrogen. 

More than 10% of the extracted residue is made up of material other than 
protein. Estimations of calcium, still to be made on samples of hydrolysate, 
will show what is the proportion of calcium in the residue. 


SUMMARY. 


The method of Brailsford Robertson for the estimation of the “nucleo- 
cytoplasmic ratio” has been used to determine the nucleic acid nitrogen and 
coagulable nitrogen content of the tissues of the male white mouse at ages from 
35 to 700 days. 

By 150 days the ratio has fallen to 60% of its value at 35 days. Thereafter 
it undergoes a slight but significant fall until 350 days, and then rises again 
and reaches an equal figure to that at 150 days by 700 days. 

The ratio falls because the rate of increase of nucleic acid nitrogen is less 
than the rate of increase of coagulable nitrogen. The small rise which is 
apparent at 700 days is due to the fact that, while the coagulable nitrogen has 
remained constant in amount, nucleic acid nitrogen has increased slightly. 
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224 MARY C. DAWBARN 
TABLE 2. 
Mean total Mean 
Mean weight Mean coagulable Nucleic Mean 
in grams weight nitrogen Acid Nucleic 
Age (fromdatain Mean in Mean per mouse Mean Nitrogen Acid 
in preceding weight grams weight inmgms. Nitrogen inmgms. Nitrogen 
days. paperp. ) ~ 9-26. (Table 1). ~ 8-1. (Table1). + 182. (Table1). + 9-03. 
35 9-26 1 8-1 1 182 1 9-03 1 
75 18-56 2-00 17-4 2-15 355 1-95 14-3 1-58 
150 25-46 2-75 23-4 2-89 482 2-65 15-1 1-67 
250 29-38 3-17 24-15 2-98 537 2-95 16-6 1-84 
350 30-93 3-34 26-85 3-31 579 3-18 16-7 1-85 
500 30-95 3-34 27-95 3-45 557 3-06 
700 30-24 3-27 26-5 3-27 572 3-14 17-7 1-96 
TABLE 3. 
(After LeBreton and Schaeffer. ) 
Per embryo. Per 100 gms. fresh. 
Age Mean Total Purine Nucleic Total Purine Nucleic NPX100 NN _ 
in weight N. N. Acid N. N. N. ‘AcidN. NT—NP TN—NN 
days. ingrams. inmgms. inmgms. inmgms. ingms. ingms. in gms. 
+224 2-9 +25 -375 1-292 -111 - 167 9-45 -148 
+522 7-38 -54 -81 1-290 -096 -144 8 +123 
-652 12-02 +867 1-30 1-842 +133 -200 7-77 +121 
-872 15-43 -92 1-38 1-769 -105 -158 6-3 -098 
1-186 19-87 1-028 1-54 1-675 -087 -131 5-4 -084 
1-350 18-34 -86 1-29 1-359 -064 -096 4-9 -076 
0-5 2-105 36-7 1-09 1-635 1-787 +052 -078 3-06 -047 
5 3-001 70-55 1-633 2-45 2-350 -054 -081 2-37 -036 
8 3-51 87-06 1-96 2-94 2-480 -056 -084 2-31 -035 
19 6-128 164-08 3-53 5-295 2-677 -057 -086 2-2 -033 
TABLE 4. 
Mean Values for 
GROUP M. GROUP N. GROUP O. M, N, and O. 
Grams ex- Grams ex- Grams ex- 
tracted tracted tracted 
residue Percent. residue Percent. residue Percent. Percent. Per cent. 
Age per 100 (NX6-25) per100 (NX6-25) per100 (NX6-25) extracted (NX6-25) 
in grams in grams in grams in residue in 
days. mouse. residue. mouse, residue. mouse. residue. inmouse. residue. 
35 15-3 89-6 15-6 84-6 17-5 83-2 
17-5 81-5 17-1 81-5 15-8 92-0 
16-0 89-6 
Mean 16-4 86-0 
75 14-3 85-9 14-7 81-5 14-8 85-4 
14-3 90-0 14-0 88-2 16-1 90-4 
14-7 88-7 14-4 85-6 15-4 84-1 
Mean = 14-43 88-2 14-37 85-1 15-43 86-6 14-7 86-6 
150 15-9 81-6 15-2 81-3 15-6 83-2 
16-9 83-6 14-6 84-0 16-1 82-5 
15-6 83-8 15-5 84-0 14-3 83-4 
Mean 16-13 83-0 15-10 83-1 15-33 83-0 15-5 83-0 
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TABLE 4 (continued). 
Mean Values for 


GROUP M. GROUP N. GROUP O. M, N, and O. 
Grams ex- Grams ex- Grams ex- 
tracted tracted tracted 
residue Per cent. residue Percent. residue Percent. Percent. Per cent. 
Age per100 (NX6-25) per100 (NX6-25) per100 (NX6-25) extracted (NX6-25) 
in grams in grams in grams in residue in 
days. mouse. residue. mouse. residue. mouse. residue. inmouse. residue. 
250 17-5 18-3 82-6 16-9 78-7 
16-2 82-9 14-9 81-5 18-4 82-1 
18-1 78-6 19-7 77-7 16-2 77-8 
Mean 17-27 80-75 17-63 80-6 17-17 79-5 17-4 80-3 
350 17-5 84-3 18-2 88-0 13-1 83-7 
15-9 82-7 18-2 85-6 14-2 85-2 
14-0 86-8 18-2 83-3 14-7 89-3 
Mean’ 15-80 84-6 18-20 85-6 14-00 86-1 16-0 85-4 
500 17-3 81-7 13-8 85-2 14-0 84-8 
16-1 86-7 16-2 84-5 12-4 84-0 
15-2 86-9 18-7 83-5 11-6 84-6 
Mean 16-20 85-1 16-23 84-4 12-67 84-5 15-0 84-7 
700 15-4 83-9 18-1 83-0 16-8 85-1 
12-5 86-8 17-0 83-5 14-9 83-5 
16-5 84-8 18-5 82-1 15-9 86-4 
Mean 14-80 85-2 17-87 82-9 15-87 85-0 16-2 84-4 
Mean 
75-700 
days 15-77 84-7 16-57 83-6 15-08 84-1 
Mean 
350-700 


days 15-60 17-43 14-18 
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A NOMOGRAM CONNECTING STANDARD 
METABOLISM WEIGHT AND SURFACE 
AREA OF MERINO SHEEP 


by 
E. W. LINES 


(From the Nutrition Laboratory of the Council for Scientific and 
Industrial Research, University of Adelaide). 


(Submitted for publication, December 1, 1931.) 


One of the projects of the above laboratory was an enquiry into the energy 
metabolism of the Australian merino sheep by means of respiratory exchange 
measurements. These measurements show that the energy output of the merino 
sheep under “standard metabolism” conditions (i.e., standing quietly after 48 
hours’ fast) is 1,100 cals./m?/day for ewes fed on low protein diets at main- 
tenance level; wethers on similar diets average 900-950 cals./m?/day. After 
a liberal supply of protein (4%N) in the dietary, the “standard metabolism” 
rises to 1,350 cals./m*/day or higher for both ewes and wethers.! The effect 
of standing raises the metabolism only about 5% above the value when lying. 

Australian spring pastures are abundant in quantity and usually good in 
quality, and sheep fed thereon have a “standard metabolism” comparable to 
those on high protein diets; whilst sheep on autumn pastures, which consist 
mostly of bleached grass straw, low in protein and high in fibre, may be com- 
pared with those on low protein rations. 

The nomogram shown in figure 1 has been prepared from some 80 of our 
own determinations. It gives the “standard metabolism in kilogram calories 
per hour and the surface area in square metres for animals weighing between 
20 and 70 kg. Any extrapolation beyond this range is a very rough approxima- 
tion. The nomogram consists of two logarithmic scales and a number of refer- 
ence points representing a number of equations of the form 


A = KW" or Log.A = log.K + n log.W. 


The classes for which reference points are given are, ewes and wethers off 
spring and autumn pasture, and surface area of ewes and wethers. For the 





1Full details of these experiments are published by E. W. L. Lines and A. W. Peirce, 
Commonwealth Council for Scientific and Industrial Research, Bull. 55 (1931). Reference 
should also be made to Benedict, F. G. and Ritzman, E. G., Archiv. fur Tiernahrung u. 
Tierzucht, V (1) : 1, for similar high results. 
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determination of output of calories each class has three reference points marked 
+,0,—. To use the nomogram, a straight edge is placed from the weight of 
the animal through the reference point marked “O” in the appropriate class, 
and the reading at the intersection on Seale 2 gives the mean standard met- 
abolism in eals./m2/hr. (or surface in m? < 100) for such animals. The read- 
ings obtained by use of the points marked + and — give the normal limits of 
the metabolism. The value of the cals./m?/hr. is obtained by measuring the 
distance between cals./hr. and sq. metres on scale 2 downward from the top of 
seale 1. 


Measurements made immediately after food indicate that the metabolism 
then is about 30-35% above the level after 48 hours’ fast, irrespective of varia- 
tions in the composition of the diet within ordinary limits. 
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A NOMOGRAM FOR DETERMINING THE SOLU- 
BILITY OF BRUSHITE (CaHPO4,2H2,0) IN DILUTE 
SOLUTIONS OF SODIUM CHLORIDE 


by 
J. W. H. LUGG 


(Commonwealth Council for Scientific and Industrial Research, Division of 
Animal Nutrition, Adelaide, South Australia). 


(Submitted for publication, November 5, 1931.) 


Solutions which are in equilibrium with solid CaHPO,,2H.O contain 
calcium and phosphate in amounts which vary with the pH and with the total 
salt concentration. With the aid of the accompanying figures it is possible to 
determine rapidly from the analytical data of inorganic salt solutions contain- 
ing small amounts of Ca and P, and a preponderance of NaC] over all other salts 
present, whether the solution is just saturated, undersaturated, or supersatur- 
ated with respect to brushite. The figures have been constructed from the 
author’s data published in Trans. Far. Soe., 27 (1931), 297, the pH’s obtained 
by the use of the quin-hydrone electrode being corrected here for “salt error.” 

The pH should be determined with the half cell connected by a saturated 
KCl agar bridge with a 0-1 N calomel electrode, and is to be recorded on the 
gas electrode basis. A solution of 0-01 M HCl in 0-09 M KCI is to be used as 
pH reference standard of value 2-076, and the measurement taken at a temper- 
ature in the vicinity of 23-5°C. 

The “ionic strength,” », is calculated from the definition » — 43(Cz?), 
where C is the concentration of any ion in mols per litre and z is its valence, 
and = represents the summation of all such terms for all the ions present. The 
salts are to be assumed completely dissociated. Inasmuch as the phosphate 
present is distributed almost entirely between the ions, Hp.PO,— and HPO,= 
over the pH range 6-5-8-5, it is necessary to find this distribution if » is re- 
quired accurately. Figure 1 is a nomogram for the three variables », pH, and 
[HPO,=]/[P], square brackets signifying mols per litre. [P] is the total in- 
organic phosphate concentration. By aligning the pH value on its appropriate 
scale with the first rough estimation of » on its seale and reading off on the 
remaining scale, the fraction [HPO,=]/[P] is obtained approximately. Then 
since [H.PO,—] + [HPO,=] = [P], the concentrations of both these ions are 
obtained, and » may be calculated much more closely. The process may be 
repeated to any required degree of accuracy. 
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Figure 2 may be used as, (1) a double alignment nomogram for the four 
[HPO, “8 J ? 

[P] 
intersection and alignment nomogram for the variables, pH, », [Ca], and [P]}. 
If it is to be employed as under (1), » and [HPO,=]/[P] obtained with the aid 
of figure 1 are aligned upon their scales, V and IV respectively, in figure 2, 
and the product [Ca] x [P] (or the negative common log. of this product, 
p[Ca] X< [P]), is noted upon the reference line marked as Scale 1 in the figure. 
If it is to be employed as under (2), the intersection diagram is used with pH 
and with p», obtained with the aid of figure 1, to give the product [Ca] x [P] 
(or p[Ca] * [P]) on Seale 1. 

Methods (1) and (2) give the same quantity, namely, the product [Ca] x [P| 
obtaining under saturation conditions, but somewhat more accurate readings 
may be obtained by method (2). The result is compared with the product 
actually obtaining in the solution under test. This may be found by aligning 
the [Ca] measured upon either Seale 2 or 3 with [P] on Scale 3 or 2 and read- 
ing off or Seale 1. 

Figure 2 is, strictly speaking, for use with solutions at 40°C. It may be 
used with solutions at 20°C. without introducing serious error. 

The figures may be used with biological fluids subject to whatever assump- 
tions are made concerning the contribution of the proteins to the ionic strength 
and their capacity for binding calcium. An approximate equation covering a 
range of » up to 1-0 with Na Cl, and pH between 4-5 and 8:5, is: 


variables 








uw, [Ca], and [P], or alternatively, (2) as a combined 


—6-56 4 —*:15Ve _ 


[Ca] x [P] —10 slates 
—pH+0:59+ 4:15VeH = _15Ve _ 
aah 141-5Vz 1+ 0°55Vp 
giving the product [Ca] X [P] at saturation. H Pai 
A pH ,-99 
0! 5 + - 98 
8-5 3 | 97 
*02 + 
“96 
03 “ } 5 
05 + - 90 
agit L -80 
10 3 _ L -70 
1 + -60 
65! 
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The Process of Keratinization. 


The epidermal covering of the integument of mammalia originates in the 
malpighian layer composed of polyhedral epithelial cells, the lowest strata of 
which are continually proliferating throughout life, drawing the necessary 
materials for growth from the network of capillaries of the corium below. As 
the cells of this layer are displaced towards the surface they undergo modifica- 
tion, becoming progressively flattened and dehydrated. During this process 
the cells granulate. They lose their nuclei, and develop an intraprotoplasmic 
plexus of fibrillae, composed of keratin, or a precursor of keratin (Unna, 1928), 
in the stratum granulosum, and as they are pushed upwards they become the 
superficial or cornified layer proper. This layer is continually renewed from the 
actively dividing cells of the lower epidermis, and is depleted by desquamation. 

The production of the cutaneous outgrowths (hoofs, nails, horns, hair, etc.) 
is achieved through a similar process by specialized organs arising from in- 
vaginations of the malpighian layer. In the embryological development of 
hair this layer thickens, and passes as a cup-like depression down into the 
corium, whence a rich supply of capillaries extends into the cup, thus forming 
the hair follicle. The basal cells of this epidermal ingrowth proliferate rapidly, 
and are forced outward, undergoing a series of changes somewhat similar to 
what occurs in the epidermis, until they are converted into the fibrillae of the 
hair. Another outgrowth of the epidermal layer occurs simultaneously, and 
forms the sebaceous gland which lubricates the fibre. 

Hair fibre proper is tubular, having a medulla of poorly keratinized 
material, whereas merino wool fibre is solid, non-medullated, and seemingly 
keratinized to the same extent throughout. 

All stages of transition between the primitive medullated hair and the wool 
fibre are known. Some of the coarser wools have definite traces of medulla, 
and in certain breeds of sheep many follicles still retain the primitive capacity 
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of medulla formation, producing “kemp fibres.” The follicles of other breeds, 
while normally producing solid fibres when nutritive conditions are poor, 
exhibit the propensity to revert to medulla formation when the animal is grazed 
on pastures of high protein content. The density of follicles in the merino is 
of the order of 100-115 per square millimetre, or about 105 per square metre 
wool-bearing surface (Spottel and Tanzer (1923) ). 

Little is known of the chemical transformations which occur during 
keratinization of epidermal structures. One fact, however, is definite. While 
passing through the stage where their internal structures granulate, the cells 
develop a strong reduction potential, and free sulphydryl groups may be demon- 
strated chemically within them (Giroud (1930), Unna (1928)). The material 
which reacts with the nitroprusside reagent cannot be removed by washing the 
cells in distilled water, and is therefore present in an insoluble form (Walker 
(1925)). The process of keratinization seems somehow linked with this 
stratum of strong reduction where —SH groups can be demonstrated, and that 
towards the surface oxidation of the —SH groups to disulphides occurs, which 
bind the sulphur-rich fragments through the —S—S— linkage. When oxida- 
tion has occurred the staining reactions of the material are completely changed 
(Unna (1928)). Wool keratin is insoluble in all reagents which normally dis- 
solve natural proteins, excluding those which cause hydrolytic cleavage, but it 
dissolves readily in certain alkaline reducing agents (alkaline sulphides), with 
relatively little hydrolysis other than the evolution of ammonia from the acid 
amide groups attached to the mon-amino-dicarboxylic acids. The nuclear 
material of the original epithelial cells disappears during keratinization, for 
wool keratin, when carefully purified by methods which would not remove 
nucleic acid or nucleo-proteins, is entirely free from phosphorus. 


The Chemical Composition of Merino Woo! Keratin. 


The wool fibre, when freed from the secretions of the sebaceous glands, is 
composed mainly of a sclero-protein of unique chemical composition. 

The separation of the keratin from contaminating substances is a lengthy 
process presenting many difficulties. 

After freeing the fibre from the more gross contaminating substances by 
combing the individual fibres, and separating the kemp fibres which are impossible 
to purify, wool is freed from fatty materials only after prolonged treatment of 
the finely-sectioned fibres with lipoidal solvents (alcohol, acetone, and ether), 
and if this preliminary separation is not meticulously carried out the subse- 
quent purification becomes impossible. The material is then separated from 
water-soluble materials by continuous extraction, with frequent changes of 
ether-saturated distilled water, for several days. This removes most of the con- 
taminating salts. The finely-sectioned fibre is then transferred into several 
changes of 0-01 nHCl, and allowed to stand for a considerable period, which is 
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determined by the original nature of the fibre, and may sometimes be pro- 
longed at room temperature for five or six days. The material is then washed 
with HC] at its isoelectric point, pH 3-4 (Marston (1928) ), and transferred into 
at least three changes of absolute alcohol, whence it is placed in a weighing 
bottle in a vacuum oven at 100°C., where it is completely dried. If this pro- 
cedure is carefully carried out the merino wool keratin is separated from con- 
taminating substances, and its elementary composition becomes remarkably 
constant. The separation of keratin of such constant composition from hair, or 
the partially medullated fibres of other breeds of sheep, is much more difficult 
to achieve, but by utilizing the process outlined here we have been successful 
in purifying a small number of samples from sheep of other breeds until the 
composition approximated that of merino keratin. The sulphur content of 
these materials was always lower than the keratin from merino wool (Marston, 
ibid.), and it would seem that the keratin of the coarse-woolled sheep is associated 
with substances which are not completely removed by the process of purification. 

Barritt and King (1926) have studied the sulphur content of a number of 
wools from different breeds of sheep, and have concluded that it varies accord- 
ing to the type of wool, and in later studies Barritt and Rimington (1931) 
showed that the amount of sulphur in rabbit hair varied with dietary. If the 
cystine content is taken as a measure of cornification, it would seem that the 
extent of keratinization varies in the medullated fibres with the supply of extra 
cystine in the dietary, the proportion of the cystine-poor medullary substance 
being decreased under such circumstances. 

The fibre is susceptible to the action of ultra-violet light, which, besides 
altering the sterols (Lifschiitz (1924)) of the wool fat, splits sulphur from the 
keratin. This, together with the fact that considerable decomposition by bac- 
teria occurs at the tip of the wool fleece grown under natural conditions, renders 
it necessary to select only the newly-grown bottom end of the wool staple for 
the separation of keratin for chemical analysis. 

Wool keratin from newly-grown merino fleece, when separated from 
materials which are normally associated with it, contains approximately 3-6 
per cent. of sulphur and about 17-8 per cent. of nitrogen. 

The amino acids which appear after comple’e hydrolysis with acids are 
represented in Table 1. 

The most striking difference between the composition of wool keratin and 
other naturally-occurring proteins is its high content of the sulphur-containing 
amino acid, cystine, which accounts for at least 95 per cent. of the sulphur in 
the material (Marston (1928), Rimington (1929)). 

The separation of a-amino-8-methy] thio-butyric acid from wool by Mueller 
(1921 et seq.) suggests that either this amino acid occurs in the materials asso- 
ciated with the keratin in the fibre, or that it occurs in amounts which are within 
the experimental error of the estimation of cystine (about +1% for the Folin- 
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Marenzi method, and about +3% for that of Sullivan). The amount isolated 
by Mueller was less than 0-2%, which would represent a little more than 1% 
of the sulphur of the wool keratin. 


TABLE l. 


Amino-acid Composition of Merino Wool Keratin. 


Per cent. Authority. 
Glycine 0-6 (1) 
Alanine 4-4 (1) 
Valine 2-8 (1) 
Leucine 11-5 (1) 
Serine 2-9 (1) 
Proline 4-4 (1) 
Aspartic Acid 2-3 (1) 
Glutamie Acid 12-9 (1) 
Cystine 13-1 (2) 
Tyrosine 4-8 (2) 
Tryptophane 1-8 (2) 
Arginine 7-6 (2) 
Histidine -66 (3) 
Lysine 2-8 (2) 
**Amide’’ Nitrogen 1-2 (2) 
Sulphur 3-6 (2) 
Nitrogen 17-8 (2) 


(1) Abderhalden, E. and Voitinovici: Zeit. Physiol. Chem., 52 (1907), p. 368. 

(2) Marston, H. R.: Council Sci. and Ind. Research, Commonwealth of Australia, Bull. 38 
(1928). 

(3) Vickery, H. B. and Block, R. J.: J.B.C., 86 (1930), p. 107. 


The inherent error in the estimation of amino acids by the classical method of esterifica- 
tion and distilling the amino acid esters in a high vacuum, renders the estimations of Abder- 
halden and Voitinovici of little more than qualitative significance. The author, in a pre- 
vious study, reported, with reservations enumerated in the text (Marston (1928)), that the 
arginine content of wool keratin was 10-2%, and the histidine content 6-9%. The large 
proportion of cystine in the hydrolysate, however, prevents the correct estimation of these 
amino acids by the method of Van Slyke. Direct gravimetric estimation of the arginine by 
separation as the insoluble salt of 1: napthol: 2: 4: dinitro: 7 sulphonic acid (Kossell 
and Gross (1924)), after the removal of the main bulk of cystine by isoelectric precipitation 
gave a figure of 7-6%, which is in complete agreement with that of Vickery and Block. 
These authors separated the cystine as the copper salt, and finally determined the histidine 
as the silver compound. Their figure of 0-66% histidine is reported in the above table (3). 


The Supply of Substrate for Keratimization. 


The yearly production of greasy wool fleece by a good merino sheep is 
sometimes greater than one-quarter of its dressed carcass weight, whereas the 
production of the coarse-woolled varieties is more often less than one-tenth of 
the carcass weight. The merino sheep, highly-specialized as it is for production 
of wool fleece, is unique among animals in its eall for cystine in the dietary. 
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There is no direct experimental evidence that the animal organism can 
synthesize cystine from simpler compounds. On the contrary, it has been 
experimentally established that rats cannot convert closely-allied chemical sub- 
stances into the necessary cystine for normal growth when this amino acid is 
deficient in the dietary. 

When Embden and Smitz (1910, 1912) demonstrated that the surviving 
dog liver had the capacity to convert the a-hydroxy or a-ketonic acids corres- 
ponding to tyrosine, phenylalanine, and alanine, into the a-amino acids, it was 
inferred that the animal may reverse the normal course of oxidative and hydro- 
lytic deaminization which occurs in the intermediate metabolism of the amino 
acids in excess of the requirement for synthesis of proteins and the elaboration 
of special secretions. 

The earlier attempts to substitute the a-ketonic and a-hydroxy acids 
corresponding to a-amino acids tryptophane and histidine failed (Jackson 
(1927), Heft and Sherwin (1931) ), but it was proven later that when histidine 
is the limiting factor of a diet the corresponding a-hydroxy compound, 
4 : imidazole lactic acid, is apparently a complete substitute (Cox and Rose 
(1926) ), and the evidence that 4 : imidazole pyruvic (the a-ketoniec acid) acid 
could also substitute histidine was demonstrated by Harrow and Sherwin 
(1926). Similarly indole pyruvic acid will promote growth in tryptophane- 
deficient diets (Berg, Rose, and Marvel (1929)). 

However, no experimental data has been collected which suggests that 
a-hydroxy ¢-amino caproic acid can be converted into a,e-di-amino caproic acid 
lysine (Jackson (1927)), when the growth or maintenance of the experimental 
animals is limited by a deficiency of this amino-acid. 

And similarly, notwithstanding the large amount of careful work by a 
number of investigators, there is no evidence which suggests that cystine may 
be synthesized by animals whose growth has been limited by an insufficiency of 
this amino acid in the dietary. 

While rats readily utilize l-eystine (Lewis and Lewis, 1927) in the form 
of cystine peptids, or as the reduced cystein (Mitchell, 1931), and grow norm- 
ally when these crystalline compounds are added to a cystine-deficient diet, 
they are unable to convert the closely-related compounds, cysteic acid (Lewis 
and Lewis), taurine (Rose and Huddlestun (1926), Beard (1925), Mitchell 
(1931)), thioglycollic acid or £-thiopropionic acid (Westerman and Rose 
(1927)). They are similarly unable to reverse the process of oxidative deamin- 
ation, and convert the a-hydroxy £-thiopropionie acid into B-amino B-thioprop- 
ionic acid, cystein (Westerman and Rose (1929) ). 

It would seem, therefore, that cystine must be preformed in the diet of 
animals, and that the production of cystine is a function of plants alone. 

Our limited knowledge of plant proteins is confined mainly to those of 
seeds, and these proteins, with few exceptions, are low in cystine content. 
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Lucerne leaf protein, however, has been isolated, and found to contain 0-93% 
cystine Jones et al., 1924). This fact led us to the a priori prediction that 
lucerne protein would be limited in its nutritive value by its cystine content 
(Marston and Robertson (1928)). It was subsequently shown that lucerne 
protein had the low biological value of 56 for the sheep (Sotola (1931)), and 
the fact that a diet in which lucerne leaves provided the sole source of protein 
was insufficient to support normal growth in the rat until it was supplemented 
by cystine, was demonstrated independently by Haag (1931). These results are 
in harmony with the well-known tendency of legume seed proteins to be defi- 
cient in cystine. Aitken (1930), working with five species of pasture grass, 
was unable to isolate or estimate the amino acid, cystine. The methods he 
employed seem to me open to serious criticism, and Evans (1931), after failing 
to isolate cystine from grasses, concluded, from the amount of sulphur which 
was cleaved after boiling with concentrated alkali, that the cystine content of 
grass must be less than 0-1%. He formed the opinion that some precursor of 
cystine occurs in grass, which is converted into cystine in the animal body. 
When one considers the difficulties which have to be overcome before cystine 
may be finally estimated in a material such as a fodder plant, and in view of the 
direct experimental evidence that the animal organism is unable to convert even 
such closely-allied chemical compounds as the corresponding a-hydroxy and 
a-ketonie acids into cystine, this interpretation does not seem to me to be yet 
necessary. 

The fact that ecystine-rich proteins have greater ability to increase 
wool production than those of low content is indicated from the following 
experiment (unpublished data of E. W. Lines). 

A small group of merino wethers from our flock were pen fed on straw 
chaff, which contains insufficient protein for maintenance. One group received 
a supplement of 8 grms. of nitrogen per day in the form of casein (about 0-15 
grm. cystine per day), and another group was supplemented with 8 grm. per 
day of nitrogen in the form of yeast (about 3-5 grms. of cystine per day. The 
clean-scoured wool grown by the group supplemented by yeast was about 100% 
above that grown by the casein supplemented animals, being about 2 kg. for 
the yeast group and 1 kg. for the casein group. The yeast group maintained 
weight throughout the year, while the group supplemented by casein became 
weak and emaciated. This experiment may possibly have been complicated by 
vitamin B deficiency in the casein-fed animals. 

It would seem that free cystine is not utilized by the animal to anything 
like the same extent as cystine bound in protein linkage. This is suggested by 
the experiments of Sherman and Woods (1926), who described a basal cystine- 
deficient diet, and showed that there was a linear relationship between added 
eystine and growth increment of rats up to a maximum growth of 10 grm. in 
6 weeks, induced by 0-025 per cent. of cystine in the diet. Cystine supplied in 
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the form of the protein casein (containing 0-25% cystine) was about 10 times 
more effective in reinstating the normal growth rate. In the laboratories of 
the Division of Animal Nutrition all attempts have failed to materially increase 
wool growth of pen-fed sheep by supplementing a ration composed of chaffed 
hay, lucerne, and casein with 1 grm. of laevo-cystine per day, and even when a 
mixture of amino acids resulting from the hydrolysis of wool is fed to sheep on 
this ration, the response in wool growth is insignificant. 

H. H. Mitchell and his colleagues (1930) reported that the coat of hair pro- 
duced in rats when a deficient diet is supplemented by cystine is not only heavier 
in toto, but heavier per unit surface when compared with that produced on the 
same quantity of unsupplemented ration. 

Sheep muscle protein contains about 1-25% cystine, and in consequence the 
animals which are poor wool-producers, and those that have been selectively 
bred for the production of flesh, might be expected to make more efficient use 
of the pasture proteins which more nearly approximate the materials produced 
in amino acid make-up. The merino sheep, however, institutes an abnormal 
demand for protein, which, for economic conversion, should be of high cystine 
content. 

When the protein intake falls the diameter of the wool fibre is the first to 
reflect the lack of sufficient substrate for the maximum production of wool, and 
the length growth of the fibre is not perceptibly decreased (Duerden (1927) ), 
Norris and Claassens (1931), Hakedorn and Sotola (1929), Burns (1931), 
Duerden and Maré (1931)). Frazer (1931), after studying the rate of growth 
of the wool of merino sheep on natural pastures at the Waite Institute, arrived 
at the same conclusion, that the length growth of the wool fibres was identical 
for individual sheep throughout the year. These animals, however, were almost 
certainly in positive nitrogen balance throughout the period, and, although 
the nutritive quality of the pastures varied, conditions of nutritional distress 
were never realized. When the nitrogen turnover of the animal falls below a 
certain level the length growth of wool is retarded. If this were not so it would 
be tantamount to saying that individual sheep always grew wool of the same 
staple length, independent of varying nutritive conditions, a statement which 
is not borne out by the experience of the pastoralist. 

When the protein of the dietary decreases, as it normally does during 
maturation of the natural pastures, its cystine content might be expected to 
become the first limiting factor for wool production, and when the available 
protein falls below a level which will supply the necessary quota of this amino 
acid one may expect a response in wool production after supplementing the 
animals with proteins of high cystine content. Seasonal conditions of protein 
shortage are experienced in many Australian pastoral areas. 

The rich Central Queensland black soil downs, which are derived from the 
Tertiary basaltic lava flows, are practically treeless and heavily grassed with 
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perennial Andropogon sp. These tussock grasses respond each year to the sum- 
mer rains, and for a period provide pasturage of high nutritive value. As the 
warm, moist conditions ensure rapid plant growth, the grasses attenuate, and 
the early setting in of lignification decreases the availability of the proteins, 
which have already become diluted in the rank growth. Towards the end of 
summer the downs present the appearance of a well-grown grain crop, and at 
this period the carrying-capacity falls, and the grazing animals experience an 
incipient nutritional distress, which becomes more and more acute as the rain- 
less winter proceeds. During the last months of the dry season, if the 
conditions are not relieved by winter storms, the bulk of the available fodder 
contains less than 1 per cent. of protein, and the weight of the grazing animals 
declines, the wool fibre diameter decreases, and finally the wool growth prac- 
tically ceases. In seasons of prolonged drought many sheep expire, after 
evidencing a syndrome similar to hunger oedema. 

An experiment was planned to determine the effect of supplementing these 
pastures with protein materials of relatively high cystine content. 

Two paddocks of equal size, and of similar conditions, were fenced, and 
200 ewes in lamb placed on each. The excess ewes were removed after the quota 
of 120 lambs had been dropped on each area. The flock to be supplemented 
was chosen by the toss of a coin. 

One group was allowed free access to finely-powdered blood-meal, a 
slaughter-house by-product, containing 2-7% cystine. The other group acted 
as a control. The two flocks were periodically interchanged from paddock to 
paddock, so that similar fodder conditions were available to each group 
throughout the experimental period of two years. The data of this experiment 
have been presented in another publication (Marston (1932)). The experi- 
mental results are summarized in Diagram 1. 

Throughout the first year the flock receiving the concentrate grew better, 
and at shearing, approximately 52 weeks after birth, the mean weight of the 
supplementary-fed animals was 10% above that of the control flock. The 
“blood-meal” group cut a mean weight of 110-9 oz. greasy wool, with a stan- 
dard deviation of 11-3, and a probable error of 0-732, while the control group 
cut a mean weight of 80-9 oz., with a standard deviation of 10-97, and a prob- 
able error of 0-712. An increase of over 30 per cent of wool was thus grown 
by the supplementary-fed animals. 

The fodder conditions of the second year were better and more even, and 
at shearing the blood-meal flock cut a mean fleece weight of 130-3 oz., with a 
standard deviation of 10-7, and a probable error of 0-718, while the control 
flock cut a mean fleece weight of 95-6 oz., with a standard deviation of 10-68, 
and a probable error of 0-747, an increase of over 35%, while the quality of the 
clip as a whole remained unchanged. 
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The mean weight of two flocks each of 100 lambs on Central Queensland pastures, is 
plotted. The two groups were interchanged from paddock to paddock so that they were treated 
identically throughout the two years of the experiment in all respects, other than one group 
received a supplement of blood meal (a slaughterhouse by-product), which was offered ad lib. 
The statistical probable error is plotted on either side of the mean weight along the time 
ordinate, so that the curves appear as bands. For the first six months the lambs were allowed 
to run with their mother ewes. The favourable influence on the growth of the supplemented 
lambs over this period is attributable in part to the better supply of milk by the ewes. The 
intake of supplement in grammes per head per week was estimated in the first six months 
from the fall of the consumption of the blood meal when the ewes were removed. It was sub- 
sequently estimated directly from the total amount taken each week. The distribution of the 
amount of clean scoured wool taken at the first and second shearings appears as insets in the 
figure. The fleece weights of supplemented group are expressed by broken lines. The metro- 
logical data and approximate fodder conditions are plotted. It will be seen that the intake of 
the relatively unpalatable supplement varies with the fodder conditions, being less when the 
available pasture is good. 
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The intake of the unpalatable blood-meal varied with the prevailing 
pasture conditions, more being taken as the fodder attenuated and dried, when 
the maximum intake of 6 oz. per head per week was reached. The recovery in 
the inereased fleece of the cystine fed in the form of blood-meal was of the 
order of 40 per cent. 

It becomes apparent, then, that the consequences of grazing on pastures of 
low protein content may be economically combated if the available fodder is 
supplemented at the level indicated with protein of high cystine content. 

Winter (1930) reports that the biological value of blood-meal is poor for 
supporting growth for pigs and rats, but it most effectively supplements corn 
gluten and casein. As both these latter proteins are low in cystine content, it 
would seem that the response of the sheep in the field experiment quoted above 
was due to a true supplementary relationship between the assemblage of amino 
acids arising from the fodder proteins and those supplied by the ration of 
blood-meal. 


SUMMARY. 


Wool keratin differs in chemical composition from other natural proteins 
in its extraordinary high percentage of the amino acid, cystine, which accounts 
practically quantitatively for the 3-6 per cent. of sulphur in the keratin of 
merino wool. 

There is no experimental evidence of the animal organism being able to 
synthesize cystine from simpler compounds, and the production of this amino 
acid seems to be a function of plants alone. 

From our limited knowledge it would seem that plant proteins, with few 
exceptions, are low in cystine content. 

The merino sheep is unique among animals in its demand for cystine in the 
dietary for the production of wool fleece, and as the protein in the dietary 
decreases the first limiting factor of the utilization of the protein might be 
expected to be its cystine content. 

An experiment was planned to test this hypothesis. The wool clip of 100 
lambs, on Central Queensland pastures, was increased over 35% by supple- 
menting the protein-deficient pastures with blood-meal containing 2-7% 
cystine. The recovery, in the increased fleece, of cystine from the ingested 
supplement was about 40%. 
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